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FOREWARD 


In recent years prestressed concrete construction has 
attracted unusual attention abroad and in this country for 
the following reasons, It is in effect a new construction 
material or approach; it is more economical for certain 
structures; and Po resuluc lt seCONSideraple Saving Of 
materials, The Europeans and, very recently, the engineers 
in the United States have made great progress ina relatively 
short time in developing and using this essentially new 


maverial~prestressed concrete, 


Relatively few linear prestressed structures have been 
designed and constructed in the United States. to date ,due 
to the high cost of installing the prestressed cables and 
Maemmipnexs cost of complicated concrete forms, It is be~ 
lieved that these objections can be overcome for the most 
part by the mass production of standard precast prestressed 
Pees, €nd such an approach has recently been employed by 
several state highway commissions, This type of prestressed 
femeretbe construction is considered to be ideally suited 
for Naval advanced base construction of highway bridges; 
Since it will result not only in a saving of material and 
critical shipping space, but will permit also construction 
wee uhe bridges in a minimum length of time, Therefore, the 
Serrener a serics of modular prestressed concrete bridges 
for advanced base construction has been undertaken as the 


subject of this thesis, 


heh 


a eae. S/ 





The authors are indebted to Rear Admiral L,. B,. Combs, 
USN, ret,, Head of the Department of Civil Engineering at 
Rensselaer Polytechnic Institute, and Dr. J. Sterling 
Kinney, Professor of Civil Engineering, also of Rensselaer 
Polytechnic Institute, for their advice and guidance in 
the preparation of this thesis, The authors also desire 
to express their appreciation to Professor Henry Trathen, 
Professor of Mechanics, Rensselaer Polytechnic Institute, 
and Mn W. EH, Dean, Engineer of Bridges, State Road Depew 


ment of Florida for their suggestions, 


ii 





ABSTRACT 


The design of ea series of precast prestressed concrete 
Pradges for Naval advanced base construction is presented 
in this thesis, Girder type concrete bridges composed of 
modular prestressed girders of lO, 60, 80, 100 and 120 
foot spans have been conceived, in so far as possible, to 
reduce the materials and construction time required to a 
minimum, consistent with good design practise and economy, 
The designs are slanted toward mass production precast 


merwnodas of construction, 


The modular girders have been proportioned in section 
to obtain an eff@cient use of the concrete and the high 
strength steel for prestressing, in accordance with varying 
dead load to live load ratios for the different Span lengths 
and for the different construction phases, The method of 
approach has utilized the bridge deck slab as a contiguous 
portion of the prestressed tee shaped girders for the live 
load plus impact for H 20-S 16-4 loading conditions, Al- 
though the designs have been adapted for Naval advanced base 
construction, they are considered to be equally applicable 
to state or local highway commission projects, While the 
modular girders have been conceived principally for bridge 
construction, it is believed that they are adaptable, with 
only slight modification, to pier and wharf construction, 
The use of such girders for pier and wharf construction 


furnishes the added advantage of long life due to the pro- 
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tection against corrosion of salt water afforded by the 


compressed concrete, 
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ADAPTATION OF PRESTRESSED CONCREVE ‘To 
MODULAR GIRDER BRIDGE DESIGN FOR 
ADVANCED BASE CONSTRUCTION 


mart | INTRODUCTION 
A History of Prestressed Concrete 


Prestressed concrete is the imposition of initial or 
preliminary stresses in a concrete structure, before the 
working or live loads are applied, in such a manner as to 
achieve a more favorable state of stress when the working 
loads come into action, The prestressing is accomplished 
by tensioning high strength stwel wires or rods which re- 
Seuss in initial compressive stresses in the desired portion 
Seeme COncrete structure, Thus, tensile stresses in the 
concrete due to the live loads are completely or partially 
nullified or negated by the initial impressed compressive 
Stresses, The two major categories of prestressed concrete 


are as follows: 


ie brevensiemed or Hoyer System —- The rods or wires 


are tensioned prior to pouring of the concrete, 


ae Post-vensioned System — The wires or rods are 


tensioned subsequent to the pouring and curing of the concrete, 


The latternethod is generally more popular in the Unites 
States because it requires no extensive tensioning beds or 


frames, and the post-tensioned system has been selected 


aie 





for this design thesis, 


The fundamental theories of. prestressed concrete are 
not new, having been conceived by Myr. P. H. Jackson of 
San Francisco as early as 1886; however, the application 
was not successful or practicable until the development 
of high strength steel wire was accomplished in the 1930's, 
Other early contributions were made by the German Cc, F, We 
Doehring in 1688, the austrian Wetstein, the American Mr, 
Ro.»H. Dill in 1928 and the French Engineer E, Freyssinet 
in 1928, Mr, Freyssinet developed the new homogeneous 
material by bonding high strength steel wires to concrete 
and investigated the effects of creep, shrinkage and plastic 
flow, Mr. Hoyer of Germany perfected the pretensioning 
process dra 9 36 by using high strength piano wires in his 
Seructures, Professor G, Magnel of Belgium perfected a 
method of postensioning small diameter wires by the employ- 
ment of “sandwich plates", and other tensioning methods 


wers developed by Freyssinet and the American H, Shorer, 


The development and application of prestressed concrete 
has been directly dependent on the progress in the manu- 
facture of high strength steel wires and bars, Swedish 
engineers and metallurgists have developed wires having an 
ultimate tensile strength of 300,000 pounds per square inch, 
The Lee~-McCall system, which was developed in England, 
employs relatively large steel bars having an ultimate 


strength of approximately 160,000 psi. and permits rapid 
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post~tensioning of the rods, Probably the most important 
single development is the "Roebling Method" of producing 
high strength prefabricated bridge cables, and these cables 
have an ultimate strength of approximately 250,000 psi, 
These new discoveriex in the steel industry have resulted 
in greater compatibility between the steel and concrete in 
the prestressed structures and have considerably reduced 


the construction time and cost, 


The above discussion concerns primarily linear prestressed 
structures since the subject of this paper is a linear de~ 
Sign, however, similar advances have been made in the field 
Seecircular pipes and tanks, The original concepts were 
applied by Mr, Hewitt, Mr, Crom and Professor Crepps in this 
country and by Mr, Freyssinet in France in the 1930!s, The 
Preload Enterprises Incorporated of New York City has been 
the leader in the ilies of prestressed tank and pipe com 


Suawelion, 
The Advantages of Prestressed Concrete Construction 


Prestressed concrete has attracted unusual attention 
abroad and in this*country because it generally results in 
better structures; it effects a saving in critical materials 
in times of national emergency and conserves natural re- 
Boumeces over a long period af time; and it results in more 
economical construction in certain types of Sec The 


advantages of prestressed concrete are summarized as 


-~ 3-~ 
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followst: 


1. Prestressing makes concrete crackless, which is 
conducive to greater durability under severe conditions of 


OXPOSUYLe , 


2, Prestressing makes it possible to use efficiently 


higher strength concrete of correspondingly better quality, 


3, Prestressing makes it possible to use thin web 
concrete members of I and Tee sections, thereby obtaining the 


most effective distribution of material, 


4, Prestressing minimizes deflection and reduces the 
depth of beams and girders and the thickness of slabs, thus 


affording greater under clearance, 


5, Prestressing results in maximum rigidity under 
working loads and maximum flexibility under excessive over- 


loads to give ample warning to impending failure, 


6, Prestressing makes it possible to design each 


structure, specifically, to fit job requirements, 


The lighter weight structure and shallow sections 
not only provide greater clearances but also cause an 


mmencane reduction in foundation and plier costs, Pre- 


ee mea om —— aay Pome i =— cai =e =p ee me 


1 “Why Prestressed Concrete", by L.H. Corning; Proceedings 
Semone erirst U, S. Conference on Prestressed Concrete, 


August, 1951. 
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stressing has increased the range of economical span lengths 


approximately as noi en aa 


Slab Bridges 20" ue OO feet 
Simple Span Girders 60 to 150 feet 
Continuous Girder Bridges 80 to 300 feet, 


And Flat Prestressed Arches or 


Tied Girder Bridges 80 to 300 feet, 


mom general, as compared to ordinary reinforced concrete, 
prestressed concrete will result in the saving of 25% to 
50% of the concrete and a saving of up to 75% of the steel 
m~mimed, rPrrestressed concrete has been recently success- 
fully adapted to continuous, poured in place and precast girder 
Derages, In order to obtain continuity, additional cables 
or wires are located over the supports after the simple 


span precast girders have been placed, 


The most apparent disadvantages to prestressed concrete 
ame the relatively high cost of the high strength steel and 
the time and expense involved in the tensioning operation, 
Also, the concrete forms are generally more expensive for 
the intricate section shapes, but this disadvantage can be 
partially offset by mass production precasting methods, 

e "General Design and Economic Considerations In the 
Peeanmang of Prestressed Concrete Structures, by M. Fornerod, 
Proceedings of the First Upoemeontctonce Om Trosure ssed COR; 
crete, August, 1951, | 
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Another disadvantage for some structures is that the linear 
prestressed members cannot be efficiently reinforced to 


Mesdst a reversal of stresses or loading, 


Until recently, prestressed concrete construction could 
not compete economically with ordinary reinforced conere te 
construction for the reasons outlined above, omeean by 
designing for precast prestressed construction methods, the 
highway departments of Florida, Pennsylvania and Massachusetts 
lave been able to construct prestressed bridges more economi-— 


cally than ordinary reinforced structures, 
Objectives And Scope 


The design of a serics of precast prestressed concrete 
bridges for Naval advaneed base, construction isepresented 
imomcnas thesis, Girder type concrete bridges composed of 
modular prestressed girders and deck slab of 0, 60, 80, 
HOO, and 120 feot spans have; becn conccived, in so far as 
Bessable, to reduce the materials and construction time re- 
quired to a minimum, consistent with good design practice 
and economy, The designs are Slanted toward mass production 


precast methods of construction, 


In designing for Naval advanced base construction it 
memneceasary to conceive the complete construction pro- 
ceedures for rapid completion of ficld work and the design 
must be adapted accordingly, It is the objective of these 


designs to reduce the materials and shipping space required 


-~- 6§— 











to a minimum, since both are critical in times of a national 
emergency, Precast prestressed concrete modular units are 
gonscidered ideally suited for these purposes and therefore 
Meawe been selectcd, It is considered that it will be 
necessary to ship only the prestressing cables, nominal 
quantities of reinforcing bars for temperature stcel and 
deck Slab, cement, and standard steel forms to the advanced 
base Site, Concrete aggregate can be obtained locally and 
the necessary heavy construction equipment will be required 
at the site for other construction projects as well as for 
Meee prestrcossed concrete bridges, This approach serves as 


the basis of the designs by the authors, 


Tne objective of this thesis is not to develop a design 
foretne construction of a single span deck girder bridge 
at a small advanced base, as such would be an uneconomical 
operation, It is intended that the designs and methods 
Se cComstcruction proposcd would be utilized at a large 
advanced base where a number of bridges would be required; 
such as the Guam, Okinawa, or Manus bases of World War ITI. 
FOr sic. at the large Guam base some fourteen bridges 
and large culverts up to 90 foot span were required, After 
the combat phase of the operation is completed, and after 
the combat trails and roads are replaced during the base 
development phase, many bridges are required for the large 
bases and must be constructed in a minimum of time, Modern 


methods of advanced base construction require that the port- 
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uble "Bailey" and other types of bridges be ‘rolled ap for 
reuse at another location, Thus a demand is created for 
Gasily constructed, saomi-permenant bridges; such as the 
prestressed girder bridges presented in this paper, Advanced 
base canstruction methods and equipment impose certain 
detailed design requirements which are set forth under 


the topics of Design Criteria and Construction Procedures, 


The design criteria and specifications are developed 
for advanced base construction but are tailored and equally 
applicable to continental highway requirements, It is the 
intent that the designs will be equally suitable for thru- 
wey commission, state highway department and local road 
commission projects that require the H 20-S 16-hy3 loading 


Congditvions, 


It is further proposed in this design study to compare 
Brew presvressed structures to ordinary concrete structures 
for the same loading conditions and span lengths, Comparisons:’ 
are made of the effect of the dead load to live load ratio 
for the different span lengths considered, The savings in 
material is the result of integral or contiguous design cf 
the bridge slab and the prestressed precast girders will 
be discussed as well as the limitations of the designs, 
3 Standard Specifications for Highway Bridges, American 
Association of State Highway Officials, Fifth Edition, 
1949 
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The adaptation ofyprestressed integral Tee and I beams to 


continuous structures is discussed, 


It is believed by the authors that good useable designs 
are presented but also the additional value of this thesis 
is its worth as a stimulus for the use of prestressed 
concrete in bridges, especially the method advanced herein; 
and as a guide’to span length and section selection by the 


Meaividual designer, 





II DESIGN THEORY 


Since prestressed concrete members must satisfy several 
condition equations, the design of such members is generally 
ee process of trial and error based largely on previous ex- 
perience and judgement. To begin the discussion of the 
design theory, a system of symbols and notations is fur- 


nished as follows: 


A. Symbols and Notations 


= Cross-sectional area of a beam, 


Cross-sectional area of steel reinforcement, 


il 


A 
As 
A 


if 


angle of prestressing cable with the neutral 

horizontal axis, 

b,B = width or breadth, 

C, C1: C5 = Constants relating to the ratio of stresses, 

Cat = calculated stresses in the top fiber due to loads 
applied subsequent to prestressing, 

Cat = calculated stresses in the top fiber due to loads 


existing before prestressing, 


oi calculated stresses in the bottom fiber due to 
loads applied after prestressing, 

C ap = calculated stresses in the bottom fiber due to 
loads existing before prestressing,. 

Cy. = permissable tensile stress in the concrete, 

D = total depth of the beam or slab, 


Qu 
il 


effective depth of the concrete beam or slab, ~ depth 


to tensile reinforcement, 


LO 


- 
. 





E = Modulus of elasticity for concrete in compression, 
E, = modulus of elasticity for steel; 

Cc = eccentricity from centroid or center of gravity. 
C.= eccentricity toward the top fibers, 


Cy =eccentricity toward the bottom fibers, 


t. = allowable unit compressive stress in the extreme 
ioneer Ob “Concrete, 

f1 = ultimate compressive stress Oi concreve per Ayo. ri. 
tests on 6 x 12 cylinders, 

es allowable Rnb stumess 27) Stvecl= Tension or “cen 
pression, 

T = moment of inertia of a section about the neutral 
axis for bending. 

j = ratio of lever arm of resisting couple to depth an 

k = ratio of depth of neutral axis to depth d, 

K =@ f, k j for conerete beams, a ratio, 

1,L = Span length or distance, 

M = bending moment, 

M, = bending moment due to loads applied after pre—- 
stressing. 

Mz = bending moment due to loads applied before pre- 


stressing. 


n = Es » ratio of modulus of elasticity of steel to 


Eo 
concrete, 
p = ratio of effective area of tension reinforcement to 
effective area of concrete = 3 " 
Od, 


uit 
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wt 
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P = axial load or prestress force, 

P; = initial prestress force, prior to creep, shrinkage 
and plastic flow, 

Q = statical moment of resistance about the neutral 
axis of the area of a section on one side of the 


neutral axis, 


r = radius of gyration = \/ 7 8 


v = shearing unit stress, 
V = total shear, 


w = uniformly distributed load per unit length, 


x = a distance along the horizontal x axis, 

y = a distance along the vaéartical y axis, : 
Z = a distance along the third dimensional axis, 
A = eta, proportion of prestress force remaining 


after creep, shrinkage and plastic flow have 


occured = 0,85 
B. General Considerations and Formulae 


The basic design theory employed by the authors is that 
presented by Professor Gustave Magnel in his book, "Prestressed 
Concrete, "4 Certain additional theoretical equations were 
@evoeloped by Dr. J. Sterling Kinney, Professor of Civil 
Engineering, Rensselaer Polytechnic Institute in connection 


with his course of lectures on Prestressed Concrete and have 


’ 
om = = a) eee) ata oz = —s oe ary} o= 


4 Magnel, G., Prestressed Concrete, Concrete Publications 


Ltd, 2nd Edition, 1950, London, 
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been used as a basis for design, The theory of ordinary 
reinforced concrete design as used in design calculations is 
not discussed, Since the ordinary reinforced concrete design 


theory is generally known and accepted, 


The general formula for the linear prestressed member 
subjected to an eccentric axial load, P,and a bending 
moment M has been given in many textbooks in various modi- 


fications ? 


on EF + Pey + Tay 
S A i I 


Professor Magnel has applied this equation to four separate 
Benaveions of design, The prestressed concrete member 

subjected to bending only, in general, must tesist a bending 
moment resulting from the dead load, a bending moment result— 

ing from the live load, and a bending moment resulting from 

the prestressing force, Due to the dead load moment the stresses 


in the top and bottom fibers are: 


= M 
Cai pee a 
t Sy 
_M M 
Cee ee ee 
I Sb 


Due to the live load moment the stresses in the top and 


bottom fibers are: 


= MY, M 
Cat —). = 8 
it t 
= Aa — ei 
Cab al a 
I b 
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The above stresses combined with the effect of the 
prestressing force result in the final stress in the extreme 
fiber of the beam or member, The section of the beam at 


midspan or centerline must satisfy the following conditions: 


(1) Initially upon application of the prestressing 
force and with the dead load of the beam effective, the 
allowable tensile stress must not be exceeded in the top 


fiber, This is expressed by the equations 





P 
oi y 
. Ss a :) “Cap <= C (1) 


(2) Upon application of the added or live loads, the 
compressive stress in the top fiber must not exceed the 
permissible compressive stress, Creep in the steel and 
shrinkage and plastic flow in the concrete are assumed to 


have occurred, 


re 
When € > 7. 9 





t 
~ Ti) Py 
or A vey 
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a2 
WhenCc 
Yt 
Ps 
= le y 
A ( 27+ | Caen’ eS s (2a) 
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(3) Initially upon application of the prestressing 
force, the compressive stress in the bottom fiber must not 


exceed the allowable, 
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Pe 
= {1% Mo%\-¢, = f, (3) 
A oe = 

(4) After the daad and live loads are acting, the 


tensile stress in the bottom fiber must not exceed the allow- 








able, 
“Bh (it em\ac +0, ac (1h) 
r 
GA Determination of the Concrete Section 
and the Prestress Force 
By combining equations three and four the following 
is obtained: 
= > Ma 
be 7 +¢6G.= (1h) 
foc, Sma 2) (5) 
By combining (1) and (2), similarly: 
=- > Me re, eee 
+ = FFG - 0-H 7 = 
C t n ms ee ~ 1) (6) 
A — 


mis two of the four conditions are satisfied in each of 


equations (5) and (6). In most cases of design an upper 


limit can be determined fairly accurately for the terms, 


P- a ie 
i- #) — C ee) om (1-%) = Se ~ 1) 
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In a properly designed beam, Pi is about 
A 


0.5 fo. C¥t ana ey, 
ae re 


are each generally equal to 


approximately 2,0, andy” (eta) is normally assumed to be 
9,05. This permits a general approximation of equations 


(S) and (6) as follows: 


=< = ec (8) 
2 0.775 f+ Cy 
; ee (9) 


With these formulae the section modulus end beam dimensions 


of a trial beam can be computed, 


The section modulus and moment of inertia of irregular 
I and Tee sections may be computed from the following equa- 


tions: 


Moment of interia about the base: 


= + ‘ LO 
in = lee A,® (10) 
Distance to neutral axis: 
i = oe Ag (12) 
A 


Moment of inertia about the neutral axis: 


IO se I - Ye =A (2) 


Section moduli 3 


a1 
i 
i 
s, 
4 
t ' 
v 
wert ete 
, 
2s) 
: ) 
= y als 
. i = = ' 
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Sp OF z eS ) 
Vp 

5, = LL (Ly ) 
It 


The mimimum eccentricity of the prestress steel to 
satisfy the condition equations may be obtained by combining 


equations (2) and (3). By division and substitution: 


2 
-3@ + 1 
=< = Gi ) : (a5) 
vto- Co Vy 
= + ess 
where Cy Cat Cat Lf. (16) 


/ 1 
D ap to? 
The maximum eccentricity of the prestress steel permissible 


to satisfy the condition equations may be obtained by com- 


bining equations (1) and (lL) 


ee 2] ; 
peer, a) 2* (17) 
V4 ~ [2 Vp 
where, 
Pomme” “tl, (18) 


(Can # Cop ~ Ce \ 


By re-arranging equation (4), the necessary initial 


prestressing force may be computed, 
P, = (Cap * Cop ~ Ct) A (19) 
CSch TES icy | eee 
re 
The above condition equations were derived for the 


maximum bending moments occurring at the mid span point for 
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a simply supported beam with a uniform load or concentrated 
load at the midspan, These basic equations may be extended 
to apply throughout the length of the beam in order to assure 
that the compressive stresses or tensile stresses in the 
concrete do not exceed the allowable amounts, The cable 
trajectory must be so adjusted throughout the length of the 
beam that the ecf&entricity is neither too great or too small, 
Quite often a parabolic curve is employed for the cable 
trajectory to obtain the proper exccentricity, Frequently, 
curves are plotted showing the effects of dead load, live 
load and the prestressing force throughout the length of the 


beam, 


The state of stress at the end of the beam is of 
particular importance , Since for a simple beam the end moments 
are equal to zero, The eccentricity of the prestressing 
cable or wires must fall within the "core" of the section to 
prevent excessive tension in the top fiber of the beam at tre 

ime the initial prestressing force is applied, This 
particular condition is satisfied by equation (1), when the 


moment due to the weight of the beam is equal to Soro, 


In the design of this series of prestressed concrete 
bridges, the bridge deck slab and its supporting members have 
been keyed and bonded together to act as a contiguous or 
integrated tee beam upon application of the live load plus 
impact, The precast girders(supporting members of the bridge 
deck slab) are designed to carry the forms and the concrete 


i 
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Slab as an added load and must satisfy the above condition 
equations, In addition the composite girders, consisting of 
the bridge longitudinal girders and proportional sections of 
the deck slab, must also satisfy these condition equations, 
Since the girder goes thru a transition to the composite 

girder section during the curing of the concrete the properties 
must be calculated and proportioned in accordance with these 
same condition equations to satisfy the criteria of all con 
ditions of loading by trial and error, judgement and experience, 
There is no direct solution for a proper beam section, 
eceontricity of the prestressing forfe, or the magnitude of 


the prestressing force, 


D, Shear and the Principal Tensile Stress 


Another important consideration in the design theory 
is the shear or principal tensile stress ih the concrete at 
the point of greatest shear, usually at the end of a simply 
supported beam, Prestressed members gemerally have low values 
Of principal tensile stress, permitting the use of the more 
effective and economical Tee and IT sections, There are two 
factors which tend to reduce the principal tensile stress in 
@ prestressed linear member, First, the prestressing axial 
load or force causes a compressive stress throughout the 
sections and, secondly, when curved or variably displaced 
cables or wires are employed, the cables or wires exert a 
vertical component of forec upwards which cancels out a 


portion of the dead load and live load shears, 


aD 





The shearing stress in a homogeneous or uneracked 
concrete section is a maximum at the centroid and may be 
computed by the following equation presented in many text- 


books 


< 
& 


(20) 


< 
il 


oO 
i 


The V or external shear on the section is the sum of 
the dead and live load shears plus impact, minus the vertical 
prestress force, It is possible that the prestress force minus 
the dead load shear is greatcr than V above although this is 
not normally the case, The verical prestress force may be 


computed: 


Vo Se ee sine (21) 


Where , A is the angle that the prestressing force or 
cable makes with the neutrai horizontal axis, Parabolic 
cable trajectories are employed in this design of the girders, 
Since such a trajectory satisfies the basic condition equations 
by complementing the dead and live load moment curves through- 
out the length of the girder, For a parabolic cable 


trajectory : 
a 


oe = Se y (22) 
tana = 2 (23 ) 


From which the sine of the angle may be computed and sub 
stituted in equation (16), The resulting and shear is equal 
to the sum of the vertical forces acting on one side of the 


section or? 
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wae Vee hCUVUCU (2h ) 
The combined or biaxial stress system existing at the neutral 
axis of the girder results in a principal tensile stress that 


may be expressed by: 


p= 7 a (cx \" O 
2 5 (25) 


Tne computed principal tensile stress cannot exceed the allow- 


able for the concrete employed, 


The shearing stress at the juction of the bridge deck 
slab and the concrete prestressed girder may be computed by 
equation (15), In this case, @Q is equal to the first or 
statical moment of the section or area above the point of 
juction about the neutral axis. By ordinary reinforced con 
crete design-procedure the necessary keys and stirrups may 


be designed, 
E, The Cracking Factor 


The Cracking Factor is a ratio of the live load moment 
necessary to cause the first crack in the concrete at the 
bottom fiber, compared to the design live load moment, 
Prestressed members are normally designed as crackless 
structures or, expressed in a different way, the allowable 
concrete tensilc stresscs are held to such a value as TO 
assure that no cracks occur under the design loads, The 
PPackine factor is computed by a modification of equation (1, ) 


which is equated to the modulus of rupture of the concrete, 


aa. 





a 


n Pi 2 
La e 


Tensile cracks in prestressed concrete do not have the same 
Bienificance as in conventional roinforced concrete, [If the 
stress in the prestressing steel does not result in permanent 
strain, the cracks will close up and the section will again 
a€t as a homogeneous section, In conventional reinforced 
concrete design, the cracks first appear before full live 
load is reached, and once cracked, the concrete will rarely 


return to a condition of homogenuity, 
F, The Ultimate Factor 


The girder is investigated for its ultimate load 
carrying capacity in accordance with the theory of ultimate 
design of reinforced concrete, The Ultimate Factor is 
expressed as a ratio of the live load moment plus impact at 
Gametime of failure of the girder, 

i = aioe (UF. ) Mit (27) 
ime design theory is based on the fact that the failure occurs 
when the high strength prostressed steel undergoes a relatively 
large permanent straih as it nears its ultimate capacity 
causing a relatively large plastic Seueiaetim. vie Concrete in 
the extreme top fiber of the beam, Failure occurs abruptly 
in the concrete at the top fiber as a result of the excessive 
concrete strain or more accurately, prior permanent strain 


in the prestress steel, The stress in the top fiber is not 
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considered to vary linearly due to the plastic flow of the 
concrete, but is considered to reach the ultimate strength 

of the concrete over a small rectangular area at the top 

fiber of the beam, The failure is considered to occur in an 
advantageous manner since up to the design load the deflection 
is small and when the design load is exceeded the deflections 
are large giving warning of impending failure, As an 
approximate solution of the ultimate strength of the beam, 

the distance from the top fiber to the centroid of concrete 


resistance may be computed: 


A 
dj = 28 Sie (28) 
2f," b 


The effective resisting depth for the steel: 
ja = Ct ye - ay (29) 
Then the resulting resisting moment at ultimate strength 
or failure may be éxpressed 
jd (30) 


Mu 08 Aged, 


The Ultimate Factor computavion gives an indication of the 
safety factor of tho design accomplished in accordance with 


the theory outlined in previous paragraphs, 
G, End Block Stresses 


In order to provide a transfer of the prestress force 
from the steel wires or cables to the concrete at the end of 
the beam without excessive stress concentrations, bearing 


plates or large washers are used, The design of these end 
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bearing devices depends upon the type of wire or cable 
employed for prestressing and well known structural steel 


and concrete formulae are employed, 


To further distribute the load imposed by the prestress 
cables or wires and the end bearing plate of the beam, end 
blocks df larger rectangular cross section are normally 
employed and stirrups provided to assure cracking of the 


concrete does not occur, 


The principal tensile stress existing in the end block 
should be investigated in Sueer ve propernly select tune steci 
reinforcement required, As shown in Figure J]. , the length of 
the end block is assumed to be equal to the depth of the 
beam and the stresses are assumed to vary in accordance with 
ste Vernant!s Principle, Any horizontal plane such as A=“B 
is considered to be acted upon by normal forces; a bending 
moment M and a shearing force § The normal stress resulting 

from the end block bending moment varics in accordance with 
a third degree polynomial and the unit shearing stress varies 


in accordance with a fourth degree polynomial as follows; 





2 : 

Cz = aH is peice. 6) . Ke (31) 
bae a a ae 

Ss (4. 8 Ae W\- & s (32) 
” pa ae sss a Be 


Then for the biaxial stress sytem the principal tensile stress 


may be computeds 


Cean= 
pt = Cpt Cy ve ye + +; e) é (33) 
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The above analysis of the end block stresses is presented in 
Broater detail by Professor Magnel in his book, "Prestressed 
no 


Concrete, Values of the constants K and K along the Length 
a 


Mol are also shown in Figure Lo 


H, Deflections 

The linear prestressed concrete members utilized in 
bridge structures generally have the property of relatively 
small] deflections if curved or variably displaced prestressing 
wires or cables are employed. The total deflection is the 
algebraic sums of the deflection due to dead load, live doads 
the prestressing cable offect, Since the curved cables cause 
en upward vertical deflection, this is an additional advantage 
accruing to the prestressed concretc girder design, The 
prestressing force also assures that the beam or member is 
axially in compression and that no cracks will occur under 
design loads, This permits the utilization of the entire 
homogeneous concrete section to resist the loads, up to the 
Seeking load of the beam or girder; or stated differently, 
the moment of inertia of the gross conercte section is 


Srtective in resisting deflections, 


The d&flections resulting from uniform loads may be 


computed from the equations: 


eangz -~F ent we” -—— te = mel =e ae) aa cuag 


5 Magnel, G,, Prestressed Concrete, Concrete Publications 


Ltd,, 2nd Edition, 1950, London 
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By the method of Virtual Work, deflections may be 


computed for a, concentrated wheel loads by the formulas 


/\ = f 112 (35) 


The positive deflection upwards varies in accordance 
with the curve of the cable trajectory, For a parabolic 
cable trajectectory as has been used in the design of this 
series of bridges the deflections wbre computed in accordance 
with the method presented by Professor Je S- Kinney in his 
lectures on Prestressed Concrete, The general 6Xprena 1.om 


is derived by the means of Virtual Works, 
x 
(a Mom dx (36) 
O EI 
Where M equals the moment due to the prestressing 


force or 


Mp = P cos& (C+ y) (37) 


And y equais the distance from the meutral axis to the 
center of gravity of the cables at the end of the beam, For 


& parabolic cable trajectory; 


‘ 
PS «= tand cos”) = SIC S 
ro PENG 
oX* vie (25 
a 
Sigs A-e +Bxt C (38) 


and solving the constants A, B and C by conditions of static 


equilibrium known to oxists: 
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In the above equation 4 equals the maximum cable eccentricity 
at the midspan point, Since cosA is very nearly one, a 


slose approximation of the deflection may be expressed? 


—_ & Pp fe 
Ais 18 ae + (0) 
| 8ET | 

In summary, the design of the prestressed, precast girders 
een une composite girders for the seriss of bridges presented 
gn this thesis was accomplished in accordance with the 
condition equations enumerated in the foregoing paragraphs, 
In addition, the remainder of the concretc structure has 


been analized and designed in accordance with accepted 


Serdinary reinforced concrete design procedures, 
IITt DES.CHN CRTTERIA AND SPECIFICATIONS 


Tne adaptation of precast, prestressed concrete for the 
construction of advanced base bridges imposes some rather rigid 
ere severe recuircnents upon both the ccsigner and the builder 
in the field, The structures must be capable of being erected 
in a short perioc of time, they must be capable of sustaining 
the heavy loads imposed by military traffic, and they must be 
sufficiently stancardized and simplified to be built by 


fieatary construction forces, The military forcds should be 
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able to construct these bridges with the constinction equip- 
ment normally available at advanced bases, A further re~ 
quirement is that the materials shall be of low weight and 
bulk to conserve critical shipping space, If possible, the 
standard bridge girders should he suitable for other types 
of structures at the advanced base, With these objectives 
Goemind, the authors have prepared the design criteria and 
specifications that are presented in this section of the 
thesis, It is to be noted that a majority of the basic 
requirements cnumerated result in construction enconomy, thus 
assuring that the designs are ecqually applicable to state 


highway or thruway commission construction projects, 


Ng “Gcweateopecitacavions 


The series of bridges is to be of the ceck girder type, 
as Shown in Figure 2, with precast, prestressed girders, 
The spans are to be simply supported with theoretical span 
lengths center t. cenucr of Learing of 0, 50, 80, 100 and 
Wee tect, ‘tte bridge eleb and deck girders are to act as an 
integral or contiguous concrete structure to resist the live 
load plus impact, The girders shall be of I section and 
designed to carry the forms, deck slad and construction 
loads as shown in Figures 1 and 2, The bridge deck slab 
and guard rail are typical of ordinary reinforced concrete 


construction as wi:cwn in figure 3) and this provides a two 


lene roadway cf 25 fect in width, Although the two lane 
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Poadway is presented in this design, the five foot spacing 
of girders will permit cxpansion to three or four lane width 
by the addition of girders in multiples of three, The 
overall width of the two lane structure is 32 fect with two 
2 foot wide safety curbs. The general PONE cations for 
design are the Standard Specifications for Highway Bridges, 
American Association of State Highway Officials,© The con 
struction materials are to conform to the A.,A.S.H.0, Speci- 


fications and the American Society for Testing Materials 


Seecifications, 
B, Loads 


The structures are to be proportioned for dead load, 
live load and impact or dynamic effect of the live load, all 
memaecscriboed ir section 3.c of the A.#.S8.E,%3., suecietce ome: 
The design live load is to be H 20 = »l6— 4y and application 
of this loading whall be such as to produce the maximum 
stress, The stardarc Geuck or lane loads, whichever govern 
moos aied 6) bc “istriouted over two and one-half of the 
prestressed concrete girders and the spacing of the girders 


is five fees center to centcr, 


fe 
= 8 one} ——i aw —, ——£# —s ed — = — — oA; 


6, Standard Spez.2ications for Highway Bridges, “American 
Association of Strte Highway Officials, Published by the 


Association, Wastzington, D, Co, 1949 
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TPaeeimpeete1 acwor lor the Cymamic effect of the live 


load shall be determined by the formula; 
sa 50 


aT ee 
as further defined in Section 3.2.12 of the A.A.S,H.O, 


Specification, 


The distribution of the wheel loads to the slab shall 
be computed in accordance with Section 3.3,ec of the A,A.S.H.,0O, 
Snecifications, The width of slab, E, over which the wheel 
load is distributed is calculated by the equations? 
Ho = georh 2a5 


The bending moment in the siab is computed by the formula: 


mS Ey oS 


Mow + 


ix} 


where i equais the load on one wheel of a single axie, 


time | SeeCtion presto sscd™=avamproecast girders shall be 
designed to carry all the span dead load, form loads and 
Pemooraction 1oaii- Tae forms and construction loads have 
been assume? to %> 0.5 simes the dead load <f the slab or hh 


pounds por square foot, 
J; @Diaphr arts 


For Tes bean3 or tne prestressed girders with spans 
of over forty fees in length, diaphrams or spreaders shall 
bs placed between sho ceams at tno middle or third points, 
iis roywirenent is similar to the A.A,S;H,s9. Specification 


for diaphrams employed with ordinary reinforced concrete 
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Allowable principal tensile stress 
for a biaxial stress system: ,25 x modulus of 
Rupture = .25= 600 = 150 psi. 
Allowable shear: v, = ,03 f', = 150 psi, without webb 
steel, 
Allowable bond strength: u= 0,075 Oe oes ue 
Punching or pure Shear = 0,25 Ultimate Shearing Strength 
= 0,25 x 2000 = 500 psi, 
Bearing: . | | 
Full area: .25 f', = 1,250 psi. 
Less than ha¥ area: 0.375 f!, = 1,875 psi, 
Cable bearing plates: .5 f'. = 2,6000 psi, 
Modulus of Elasticity: E, = 3,000,000 psi 
for computing defections, 
Ordinary design: E, = 4,000 f! = 5,000,000 psi. 
and n= 6 
The design of the concrete mix will depend upon the 
local aggregate available, but a typical mix for the high | 
strength concrete required would be approximatcly 1:2 3 255 
with a water cement ratio of about 0,40, The maximum sized 
course aggregate for the girdors should be 3/4 inch crushed 
stone or gravel, The maximum slump should be 5 inches, Such 
a concrete mix would have an ultimate compressive strength of 
approximately 5,500 to 6,000 pounds when cight bags of coment 
per cubic yard are used, With some aggrwgates and cements, 
it should be possible to reduce the cement factor to 6% to i 


bags per cubic yard and still obtain the required 5,000 psi. 


52 





= 
' 
. 
: A Oe 
ae 
° 
a 
. 
- ~ ri ee 
a - 
. 
ei 
“ - 
. 
‘ - 
+ ¢ 
. « 
rf ss . : ae 
: *% 
. 
oe = 
4 - 
~ 
— 
‘~ 
= - 
- 
ee 
ae 
Bis r oF 
ae 
sey 
' 
‘ 
e & 
oo 
’ 
: 
' 
~ x - 
7 
’ 
” 
~ 
» 
“ae 


concrete, High carly strength cement should be used t@ decrease 
the curing time and the length of time prior to removal of 
forms, It is the authors! opinion that it would bo desirable 

to use an admixture of 1% “"Plastiment" or similar product 

to make the mix more workable and delay the initial setting 
time, This admixture will assist in placing and vibrating the 


concrete in the narrow I section forms, 
E. Bridge Deck Concrete 


The design of the composite prestressed girder permits 
employment of deck slab concrete of an ultimate strength 
normally used for ordinary reinforced concrete eonstruction, 
The design of the deck slab, diaphrams and guard rail shall 
be for concrete having an ultimato compressive strength of 
6750 psi, in accerdance with the 4,S.T.M, tosts for 6x 12 
cylinders, The allowable design stresses for the bridge 
deck concrete are as follows ¢ 

1 35750 psi, 

i. -Sesiet th = 1,250 psi, 

Extreme fiber tension = 0O psi, 

Shear - — | 

Anchored bars, no web steel = ,03 f!,, = 112,5 psig 
Anchored bars, with web stecl =,06 ft, = 223,0 pSig 
Bearing ~ Bridge seats = 1,000psi., 
E, = 1000 f3, = 3,750,000. 


C 
n= 10, assumed value, 


The design of the concrete mix and placing of the concrete 
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by governed by thepA.A.S.H.0. Specification, Section hl, 


F, High Strength Steel’ 


The prestressed concrete girders are to bd designed 
for stranded, high strength steel cables similar to those 
manufactured by the J, A. Roebling Co, and the Amcrican Steel 
And Wire Co, The High strength stranded cables were selected 
because of the greater speed and case of construction for 
the advanced base bridges, To further reduce the construction 
time the cables are to be unbonded and the prestressing 
force applied subsequent to pouring of the concrete, Pre~ 
vention of bond of the steel cablos shall be assured by 
use of plastic or metal tubes and a suitable petroleum 


lubriant, 


The high strength steel cables shall hava gaivanized 
strands and conform to the following specification, 
Ultimate Tensile Strength = 250,000 psi. 
Permanent strain loss than 0,1% at 
70% ultimate tensile strength; or a 
mimumum tensile stress of 180,000 psi, 
at an elongation of 0.7%, 
Initial Allowable stress at the time of prestressing 
= 140,000 psi. 
Prestress remaining after creep, plastic flow and 


shrinkage = n Py = <85 x 140,000 = 119,000 psi, 
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The end fittings and bearing plates shall be designed 
to fully develop the permissible initial stress in the high 
strength stcel stranded cable, The thickness of the steol 
plate shall be computed by the American Institute of Steel 
Construction formula 

t= 415 D n- 
Where; t = thickness of plate in inches 


il 


bearing pressure in kips per square inch, 


i 


p 
n larger projection of the plate beyond the 


assumed concentrated load, 
G. Reinforcing Steel 


The stecl for ordinary reinforced concrete design shall 
be intormediate gradc with an allowable tensile stress of 
20,000 psi, Ordinary reinforced concrete design theory shall 
Memused in computation of the required stirrups in the web 


and end block of the precast, prestressed girders, 


H, Cracking Factor and Ultimate Factor 


The cracking Factor and the Ultimate Factor shall be 
computed in accordance with Section II, Design Theory, of this 
thesis and shall have the following minimum values; 


Cracking Factor = 1.5 x live Load plus Impact 


7, Steel Construction Handbook, American Institute of 
Steel Construction, Fifth Edition, 1951, New York, 


New York 
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Ultimate Factor = 2,5 x Live Load Plus Impact 
i, ebetlecrions 


The total deflection resulting from the cable effect, 
dead load and live load shall not excecd the ratio 1/800 
of the span, the span length being considered the distance 
Benter to centcr of bearings, The dynamic effect of impact 
loading was not computed in determing the deflections due to 
the indefinite nature and temporary condition of the impact 


Loading >» 
J, Advanced Base Requirements 


The dosign of the precast, prestressod girders for 
advanced basc construction imposes additional requirements or 
criteria, The stecl forms shall bo prefabricated, designed 
for quick assembly bk parts, and have a small shipping cubage, 
Typical steel forms are shown in figure 2, The form material 
for the bridge deck and guard rail shall be that normally 
available at the advanced base; and, therefore, plywood and 


timber wales and bracing are indicatcd in the design, 


In order to permit handling and placing of the precast, 
prestressed girders by construction equipment normally 
available at the advanced base, the maximum permissible weight 
of a single girder shall be limited to 50 tons, This allows 
the placing of the larger girders on the piers or abutments 


by the use of two 25 ton capacity crawler or floating cranes, 
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each lifting onc cmd of the girder or one half the load, 
The smaller girders are to bo designed for lifting by a 


single crane employing a two point pick and spreader beam, 


To reduce the number and @izes of stranded high strength 
cables required at advanced bases, the design shall be made 


for use of 0,6 tinch and 1,0 inch diameter cables, 
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IV _DESIGN OF THE PRESTRESSED GIRDER 
FOR THE FORTY FOOT SPAN BRIDGE 


ae. d6lUE ee eS ees ee ee 


A, Introduction 


The design of the prestressed girder and composite 
girder for the forty foot span bridge was accomplished in 
accordance with the design theory formulae of Part II and 
meee specifications and criteria of Part III of this thesis, 
Numerous trials were required for the proper proportioning 
of the I section beam and the Tee section composite girder 
in order to satisfy the many condition equations, The final 
girder and composite girder are shown in Figure D and the 


centerline stress conditions are show in Figure 6, 
B, Design Calculations 


Eemacsien Calculacvions for the forty foot spanygirder 
and composite girder are set forth in detail in the following 
paragraphs, To avoid duplication of the theoretical equations, 
the reference equation or formula number of Part Ee is shown 
in parenthesis opposite the particular calculation, The 
girder section dimensions used in the calculations are shown 


in Figure 5, 


Leo Loads: : 
The maximum live load lane moment for H 20 ~ S16 ~ hh 
loading equals 9,8 foot kips for the forty foot simple 


span, and the live load shear equals 55.2 kips, 
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Impact Factor = wm = 1,3 
ho + 125 


Live load Moment per girder: 
M, = uu9,8 = 1.3 x les Qn010 in. kips, 

Za 

shear per girder: . 
Deeks 


= 28.7 kins 
ane at 


Va = 


2e Section Properties, 


Required section modulus: 


Sy, = 23810 x 1LOOO — jens in. (8) 
OS (> 2,000 





Computed Section Modulus: 
Composite Section Moment of inertia about the base as 


reference, (eG? 


Base 
Base Triangles 
Web 
Top trianglés 
Slab 

total 





Girder Section 


Girder 130 | ie 2,105 { 30, hi. 3, mu” | 
1x 12 plate lizson | 2720 324 | 8,748, ito 


total 1 225 a 2,429 { 39,689, ST ° 
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Composite Section Properties 


I about base a 3L.9,025 
Aye = 282,601 
Ieg, 66,42h in,4 (12) 


ime 2202 ines (Age) 
Jt = 10,3 in, 
fee— 572esq, in, 


erm S62 2 159.2 
A Pie 


B= 2992,L tte 
feeder Properties 
Ne = Pie ae ace 
» “323 Ea), Os ane (11) 
c. 


i = 16 7) a 
A = 225 ) 
T about base = 39,689 
Ay? " 269225 (ley 
Icg = 17,179 
more ieee? = 166 


il 
1 
Y oeé 
ND 
Oo 
jlo 
2) 
us 


5 - Design Moments , 


Composite Girder 3 


M - ees LO 7). ee 


e 
V_ = 25.7% , _— | 
M; = 633 x 29x40" x 12 = 1,582 in K, 


lh = B 
Girder: Dg 


t. 


‘ 
oa an, > 


= 








—- = e | 
Ma 108 x 1.5 x ae x LO x le = 30 ia i 


150 Lom 
Ma 225 x td x 5 x 12 563 in K 


4. Flexural Stresses, 


Composite Girder: 








Top Fiber 
1582 _ ee 2 
a 26) DSi s 
Cat 69 eg 
rr 2810 «= 1.36 Dsus 
6.9 


total 682 psi, 


Bottom Fiber 
t= 1582 xs 529 psi 


C 

db 2992 

Cab = 2810 = 940 
29S2 


total 1469 psi, 


Girder: 
Top Fiber 
C = Oi 
ae = ‘1029 me te 
Catz 1530 = 1488 psi, 


mer oor ce ee 


1029 
Total 2036 psi, 


Bottom Fiber 
C = 263 = 35h 


db 1593 
Co 1530 = 963 
1591 


Total = 1317 psi. 
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5. Prestress Force and Eccentricity 


Cable eccentricity at midspan; 


Cy = ae = 0, lhe (18) 
Se Fe = 25.4, in (17) 


| 10.3 ~ (142 x 22.2) | 


Locate the center of gravity of the cables 4,25 inches from 
the bottom of the beam for proper spacing of the cables, 
Composite girder: ; 
eter eee — geo = 17.95 in. 
Girder 
[ = 10,80 ~ 4,25 = 6.55 in, 


imetial prestress force? 


Py = 2 oe = 283,000 pounds er 
05 (1+ eee Bese 
Ag = SRT = 2,02 sq, in, 
Uses 4 - 1" diameter eables” 
area = } x o>77 = 2,30 sq. ing 
Force per cable = 70, 705 pounds, 
Be Combined Stresses at Midspans 
Composite Girder: 
Top Fiber at prestressing: } | 
(Jy) 283 » 000 ie aexe Oe) = 1 )-2h6 = 166 psi compressior 
573 159.2 


Top Fiber with live load acting: 


(2) ~,85 x 283,000 es x°10,3 ~ 1j+ 682 = 614 psi compression 
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Bottom Fiber af prestressing: 
(3) 283,000 ie eeeese 5 
573 15952 


Bottom Fiber with live load acting: 


BS 159.2 | = 6 psi compression 


= 529 = 1206 psi compression 





Girder ¢ 


Top Fiber at prestressing: 


(al) 283 3000 sal ti 548 = 5 psi compression 
205 76 4 


Top Fiber with i load Bore er: 


(2) = 285 x 283,000 6 GEoe eee) tL | + 2036 = 1574 psi comprewsic: 
225 76 oh 


Bottom fiber at prestressing: 


(3) 283,000 / 6,55 x'10,8 + i). 354 = 2068 psi compression 
225 76 off 


Bottom fiber with aS noes acting $ 


(4) 985 x 283,000 / 6.55 x 10,8 + i\4 1327 = 743 pst com 
22s a pression 


Conditions (1) and (3) above for the composite girder 
never actually exist because of the precast method of cor 
struction, The theoretical stresses have been computed, 
however » to serve as a basis of comparison with other 
designs, 


7o  RBending up the Cables at the Und of the Girder, 


uae 6 Eee EE Oe 


In order to provide a balanced end block and girder 
section axial loading condition duc to the prestressed cables, 


the various cables have been bent up as shown in Figure Oe 
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These parabolic cable trajectories provide adequate cable 
effect to reduce the end shear to an allowable amount as 
shown in later calculations, The cable forces are balanced 
about the center of gravity of the girder section,— 


Fonce per cable = 283 ,000 = 70.750 pounds, 


8, Bearing Plates. 
Bottom Bearing Plate: 
To permit proper spacing of the cable end fittings and 
the jacking equipment for applying the prestress force y 
use a 9 inch by 14 inch plate as shown in Figure 5, 
Allowable Bearing = 5 fi, = 2,500 psi. 
Lreemor Plates 
A=9xl-e2rfr 34 = 1i2 sq, in, 
Bearing Pressure ¢. | 


psx £X 802600 = 1.0 psi, 


Li 
Thickness of plate: aan 
+ = ae x Lote x ay0r oe ae 


Therefore, use a 9" x 1h" plate with a thiclmess of 


1L# inches, 


- top bearing plates: 
A bearing plate 9 x 10 inches as shown in Figure 5 was 
chosen to allow proper spacing of cables and end fittings, 
Area of Plate 


A=9x10-21x3° = 76 sq, in, 
My 
Bearing Pressure $: 
x—80,600 


P= aes = 2, 120 DPSi,g 
43 


ee 


-- 


9) 


ea 





Heaackness of Plates 

Wield & 2222 Op0te = 1,7 tn, 
Therefore, use a 9 inch by 10 inch plate with a thickness 
of 1 3/, inches, 


9. End Shear and The Principal Tensile Stress 
Shear at the End of the Span, 
Composite Girders 
Live load shear = 28,7 Kips. 
Dead Load Shear: 


Vp = 633 x 


Total Shear = 28,7 + 1 


220 x 20= 13,200 pounds 
nae 

026 = U1.9 Kips. 
Girder:? 

Added Load shear ¢ 

oo 408. x 105 x 150 x 20 = 12,750 pounds 
Li 
Dead Load Shears: 


Vp Sceve LOO = 20)= = 4,69 pounds, 
Lyin. . 
Weight of Girder-= 69 Pons - | : 


Total Shear = 12,75 + 4.69 = 17h Kips 
Cable Effects 


Cable trajectory is parabolic or xe = Cpy 
Ordinate For Top Calbe ¢ 

y = 13,98 ino 
Ordinate for the Middle Cables 

yo ela ee hits 


Ordinate for the two bottom cablea: 


y= 0 
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Top Cable Effect: 


= 2 2) : 
P= x = 2.0 db z 
. eno" = 2,060 
2y 2x 13,98 
tana = el. 0 = 116 
060 » L163 
sin A= ,1158 
vt=nPp, sin = 505 X 70,756 x 1158 = 6,950 pounds 


Middle Cable Effect: 


Pe oe 2,350 
2x 12.23 
tan & = 2ho 
2350 =z 41022 


sin GK = 102 
V'= ,65 x 70,750 x .102 = 6,130 pounds, 


Bottom Cables Effect 
Vt= 0 


Total cable effect or negative shear 3 
Vie= 6,950 + 6,130 = 13,080 pounds, 
Net Shear at End of Beam 
Composite Girder 


41,900 ~ 13,080 = 28,820 pounds, 


(2h) ve 
Girder 
(2h) V= 17,440 — 13,080 = 4,360 pounds, 


Resisting Section Above Beam Center of Gravity, 
Composite Girders: 


as 


See = 360 Kk 7.3 = 2630 
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ToD x 3,64 = 2 


trinugles = 
Web = = Wa3& x hed ye 


toeal = eeeeo9 ins 3 


Resisting Section for Shear 
Girder : Plate = 12 x 16, 2= 195 
Tringles = 7,5 x 15.04 = 113 


os e . 
Wob, ss meet) x ues Soles 


total Q = 862 in,? 
Unit Shearing Stress: 
Composite Girder:? 


(20) v= 28,820 x 2699 = 260 pst. 
66,42h x Lod 


Girder:¢ 


(20) va 4, 360 x 862 = lie, 6 psi, 
Piatt? X dee5 


Axial Compressive Stress: 


Semposite Girders 


se | | , 

x” NFL = ,85 x 283,900 = 119 pst, 
A ie 

Girders 


C_ = 085 x 283,000 - = 1068 psi, 
225 


Principal Tensile Stress 
Composite Girder 


(25) pt = \/260% + /y202} ~'y20 = 12h pst. 
9 es 


Girder se 
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2 2 


No stirrups are required for shear or principal tensile 


(25) pt = (2968 J? 4 18.6° ~ 1068 = 3 psi, 


stress, but use 3/8 inch diameter stirrups at 12 inches 


center, for temperature steel, 


10, Shear at the Junction of the Deck slab and the Girder, 
V = 28, 820 pounds, from 9, 
b = léinches 
Q= 360 x 7.3- 12 x 438 = 2050 in,” 


v = 2050 x 28,820 Re rh. en 


66 poly x12 


Use shear key blocks two inches in height and 12. inches long 
as shown in Figure 5, to assure development of sufficient 
shearing strength at the junction of the girder and the 
slab, The actual shearing stress then equals? 

v= 7yoe2 x 2= 148, psi. 

To further assure contiguous or integral action between 
the slab and the girder extend the 3/8 inch diameter girder 
stirruyvs into the floor slab as shown in Figyr5. Proper 
tie is assured at the end block by extending the 7/8 inch 


diaméter stirrups into the slab, 


11, Stresses at the end of the Girder$ 
Bending moment = 0 
Givacer:: 
The cables provide a balanced loading about the center 


of gravity of the girder and, therefore, the compressive stress 


due to the prestress force is uniform throughout the section, 
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Coe ~85 x 283,000 
225 


Composite Girders 


= 1068 psi, compression 


Top Fiber Stress 


(2) oem 283, 600 _ ap Ges PO3—000.x7 12.1) x 1053 7 _— 
573 66 2h. tension 
Bottom Fiber Stress 


4) 85 x 283,000 8 
585 x 283 4g POO Ouse, " X 22,2 x 85 l. 336 


je 66,l.2h 





psi, compressio! 


je, The cracking Factor, | 
Modulus of Rupture of Concrete = 600 ‘psi, 


(26) 85 x 283,000 / 17,95 x 22,2 ~ 2, OF x 90 + 529 


5 159.2 . 
= 600 


CF = 1541 = 1,6 
9.0 


The first crack is calculated to occur in the bottom 
fiber when the dead load is acting plus the additional 


loading of 1,64 times the live load plus impact, 


13, Ultimate Factor, 
Prestress force for four cables at 80% of the guaranteed 
ultimate strength: 
ps .8 x “bx 122, 000 = 391, 000 lbs, 
C= 17,95 in. 
yi= «10.3 in, 
Area for failure at top fiber: 


= OOO = 76,20 
» 000 
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Depvunreo. Anes 4 


qd, = (Gee 0 os 1,30" 
60 


Total Effective depth: 


jd = 17,95 + 10.3 = £30 = 27,6" 
2 


Resisting Moment: . 
= 391,000 x 2756 = 107600, 000mm, Lbs, 
Ultimate Factor 
10,800 = UF (2810) lg G2 
UF = 3.31 
Total failure of the structure occurs under the loading 


of dead load plus 3,31 times the live load plus impact, 


di. End Block Stresses, 

The dimensions and cabile arrangement at the end block 
are shown in Figure 5, In accordance with the theory pre- 
sented in Pari II, the following léads are considered to be 
acting for maximum stress conditions, 

B= 283,006 LDS 6 
P per cable = 70, 750 lbs, 
Bearing Plate Loads: 
Tom @Plate : 


R= 2.x 70,750 . Uy,150 lbs,/ing 
LO 


Bottom plate ; 
Bo 92 570,750 — 15,720 ibs./in. 


Girder Loads: 
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Normal Stress 


G, 283,000 = 1,258 psi, 
225 

Top Plate = 15, 100 lbs/in, 

Beb = 5, 660 2bs/7in, 


Bottom Plate = 20,128 lbs/in, 


Top Transition = 15,100 + 5660 = 40,380 ibs/in, 
2 


Bottom Transition = 20,128 + 5660 — 12,89) sido 
a 


The end block loads, shear, and moment are shown in 
Figure 15, The maximum shear occurs at Condition I and 
the maximum moment occurs at Condition II, These 
maximum sectifns are used for computation of the principal 
tensile stress, 


Pea Block Axial Stress; 


Ce = Pi 283,000 = 643 psi compression 
A 16 x 27.5 


Shear ~ Resulting from dead and live loads; 


v=3 V _3 28,820: _ aa | 
— i ee x See! = 98,3 psi. 
Sone 2 16a Piet : 


Normal Stress Due to Prestress Force, 


Condition T: 


(28) c_=M K = 118,692 = 12.3 K 
bad 16 x (275)e 


COwmdirrviom TL: 


(26) oe = 28h. Sly = 28.95 K 
16 x (275)¢ 


Shear Due to Prestrees Forces 
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Congition Ts 


(29) ve ¥ = qlem029 = = 10992 
be. ‘l 16 x Ole? 4 


Condieion IT: 


(29) V=o0x K, 


Principal Tensile Stress: 
Typical Calculation: 


(30) Pte = 643,0~ 61,5 ~ (23).6)% + 63,0 + 61.5% 
e 2 
= 133 psi tension 


Tabulation of Principal Tensile Stress: 


Condition T: 


mls 


-0.5 64.3.0 0,0 
~ Och) ~6 ob 
=0.3 as 
062 Soo’ 
Ole 1 aoe 






pO 9052 = 9553 
2.0 +, 98,3 = 100.3 
a0 F983 =e. 3 
Hoo 13956 
Bao 7oo se leeal 










0,0 Se 2 il) Che ee ce 133 
+001 ~53,1 | 188,5 + 98,3 = 286.6 156 % 
+0,2 ale! 2cluge + 9853 = 32252 55 
+0,3 tine 230.0 + 98,3 = 328,3 aslo: 
+0) \+119,6 2236p 2 985s) = el .6 





Wie. | 159.0 6 oe ear 


| principal tensile stress equals 156 psi for 


Condition I, 
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fomait on II 


z/a Ox | - ui ; pt 
0.5 61.3.0 QO O*+ 98,3 = 98,3 
=O ol ae 
~063 aoae 
“Oe =93 66 
~Ool = 2965 
#O1 lee 50 
tO,2 BO67 
+03 +7],..0 
+ Olt a 
: VY , 
+05 +5790 WV 
Mo) pt= 613.0- 14.5 ..04898 8 /e, ea, me 
So 803 (25 ates = 160 psi 
é 2 
tension 


The absolute maximum principal tensile stress equals 
moO psi. 

Assume the principal tensile stress is a maximum 
at an angle of 45° with the horizontal axis and provide 
sufficient reinforcing steel to resist the total principal 
tensile stress, This adsign will assure that no tensile 
emeacks occur in tre concrete end blocks, 


Area of steel required: 


A, = 12x 15 x 160 - 9,18 sq, in per foot, 
»707 x 20,000 


Use two 7/8 inch diameter stirrups per foot or cn 6 


we 
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inch centers, Resulting steel area equals 2,410 sq, in, per 
foot of length, Extend the stirrups into the floor slab as 


shown in Figure 5, to provide adequate resistance to shear, 


For lifting the beam utilize the center 7/8 inch 


Gmemetor stirrup: of the group at each end of the girder, 


Strongth of Sttrrup = ,6 x 20,000 = 12,000 lbs, 


Weight of one half girder = 4,69 x 2,000 _ 1.690 Lbs 
LE A NL TE 8 0 
2 


15. Girder and Composite Girder Defections 


Girder Defections at the Midspans 
Use E, = 3,000,000 and assume gross soction effective, 


Cable Effect. 


(37) /\ = f0> x 5 x 283,900 x eon 55 Xx Om x Uh, 3. # . 737 _ 


3,000,000 
Dead Load, Slab Load andConstruction Load: 
250 
Weight per foot = (1, 5 x 10S +9225) zx ah” = 072 tbeav 


(31) A= 2.x 872.x 40 x 02a eee 4975 


364 x 3,000,000 x 17, 179 


Total Deflection: 
Z| = -~,975 + 737 = — .238 in, 


Ratio of Deflect:cr to Span lengths: 
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Net deflection upon removal of the forms and the 


construction load? 


A = taal 35 = (“2 2975 = ~,021 inches 
§37 
Composite Girder Deflections at the Midspan: 


Theoretical Cable Effect: 
This condition does not exist for the precast com 


struction method, 


7 ) A = ,85 x 283,000 x.17.95 x 0c eile: 5 , 
= +,520 in, 


7, 000,000 x66 Nel x LS 
Theoretical Dead Load Deflection: 


This condition does not exist for the precast method of 


construction, 


(31) \ = § x 633 x 150 x yO x LO? x 1726 oy a a 
30, x Wh x 66, Lok 


Live Load Deflection: | 

The Truck loading will govern so place the H20 — S16-l, 
truck-trailer on the span in such a manner that the rear 
wheel of the tractor is at the midsyan point for maximum 
moment and deflection, The resulting axel loads per beam 
are : 


Front Axcl= 8,0 3,2 Kips 


if 


Middle Axe, = 32:0 = 12,8 Kips 


> 
Reay Axel = 32;0 « 12.8 Kipss. 
Za 


tl 


The resulting end reactions of the composite girder are; 
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Left end = 11,04 
Right end = 17,76 


Vf 


(32) A = My ax 





6 EI | ee Ti 
JA) *32000,000 x 66,42h 3] 5,52 x2 ax a 
000 ee 
_ bos “Yo 198,72 » 56,6ux dx 
392 xe dx + SACS ex — 320 dx + 68,13 x dx 


+ 2,48 x° ax © 


fi =-— ,229 in. 


Total Deflection or Maximum Deflection 


Bie EOS eee ee SS eee ee 


The total deflection is equal to the cable effect for 
enc girdery plus the net deflection of the girder due to dead 
loads of the structure, plus the live load deflection of the 
composito girder . | | 

ee Sate 737 — 158 - 229 == 250 in, 
Ratio of Defledtion to Span Length 


i= 8250 maui 
a uO x 12 L920 


16, Ratio of Depth to Span Length 


asa OSS ieee SE E—=Eee ee 


Gimaers 
jh — 2725 ae ah ni 
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Composite Girdor 


32,5 = 1 
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Ce Conclusions 

The design calculations indicate that the girder and 
composite girder for the forty foot span bridge exhibit all 
of the desirable properties typical of prestressed concrete 
construction, The girders have small deflections under the 
design loads, are relatively shallow in depth, and are light 
in weight for concrete members, The th&n web members permits 
the most efficient use of the high strength a aaililliies as shown 
by Figure B. The arrangement of the prestressed cables is 


relatively simple and oasy to install, 


Interesting features of the forty foot span bridge are 
the shapes or proportions ef the sections of the girder and 
the composite girder , For the girder, the added load moment 
is approximately three times as great as the dead load 
moment of the girder itself, Efficient usc of the high 
strength concrete results in an inverted,Tee section as 
shown in Figure 5, Utilizing a section of the floor slab as 
part of the composite girder the resulting section has Tee 
meeportions, This Tee section effectively resists the 
prestress force, live load moment plus impact and the dead 
load moment, The compressive stress at the top fiber of the 
composite girder is considerably less than the eS Onpe i, 
Allowablc, The principle tensile stress is well within the 
allowable specification of 150 psi for the composite girder and 


is almost negligible for the simple girder, 


In order to obtain the proportions of the sections shown 
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in Figure 5 numerous trials were required, The seventeen 
independent condition equations shown in the design calculations 
for each girder and each composite girder tax the designer's 
ingenuity and resourcefulness, Prior experience in the 

design of prestressed linoar members, stccl oe and 
ordinary reinforced concrete design greatly assist the 

designor in judging the proper approach for modification of 
preliminary trail sections, The choosing of a suitable 

section for the forty foot span girder was particularly 
difficult due to the rather wide range of dead and live load 


moments acting on the structure, 


The saftey factors against cracking and total failure 
of the composite girder are considered adequate for advanced 
base temporary construction and also for permanent continental 
eonstruction projects, Cracking of the bottom fiber corr 
crete is calculated to occur when the dead load and eal 
times the live load phus impact are applicd to the structures, 
fPotal failure to destruction is calculated to OCCUrwumesr the 
dead load of the structure and 3,31 timos the live load 


plus impact, 
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V TABULATION OF DESIGN CALCULATIONS FOR THE SIRTY, 
EIGHTY, ONZ HUNDRED AND ONE HUNDRED TWENTY FOOT 
SPAN BRIDGES 


A. Inereaucticn 


The dosign of the forty, sixty, cighty, o”d hundred and ~ 
one hundred twenty foot span bridges was accomplished ina 
mannor identical with the forty foot span bridge explained 
in detail in part IV above, <A tabulation of the results 
Of the various steps in the design are given bclow and a 
comparison with corresponding steps numbers in part IV will 
furnish the necessary formulus and explanation, Details of 


the final girder designs are shown in Figures 7 through ll, 


B, Design Calculation Results 


j | 60: Span 807 Span | 100? Span | 120! Span | 


Lo foading, Moment and Shear 
M 806,5ft K.| 1164.9 ft.K} 152) ft K 1863 fb K-o 
V 60.8 K 63.6 65,3 ras 66 bt 1 .. 
Tole 27 % 2h % 22% 20% 
Ma | ho20 in K | 6950 in K 8940 in K | 10880 in K 
Ve 30.9 K 31.7 K 31.9 K 32 XK 


Ce, Section Properties 
3 Composite Section 


e 142785 int! 208393 int] © 391.080 in| 617587 int 


Tt We2 in 16.3 ih 22 in ef in 
i, 27,8 in 31.7 in 37 in h2 in 


K stands for Kips 
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Design Calculation results (continuted) 


60! Span 





Composite Sectio 


213 sq il 
Birder 
52067 int 


21,05 " 
ieo> * 
328 sq in 
158.5 sq i 
Design Moments 


Composite Sect 
4620 in Ks 


a am 
3632 in K. 
165iGeinK, 

texurai Stress 


omposite Secti 


490 psi 
B25 psd 
815 psi 
960 psi. 
S22 eps. 
1/99 epost 


670 S@a i ; 


2. Section Propertids 

















801! Span 100! Span 120! Span 
780 sq in 928 sq in 118 sq fb 
267 sq i 21 sq in 522sq ib 
96863 int 193900 int | 393,867 int 
2 bin 27293 in 28 .l.7 110 
21.9 in ~ 26,07 iin 33.53 in 
438 sqeit 587 sq in 
220.5 sq in 331 sq in 
on 
6950 in K 891.0 in K 40880 in K- 
8680 in K 16000 in K 29995 in K, 
$310 in K 9960"in K 15055 in K 
4380 in K 9.75 in K 19250 in K 
s at the Centorjlof the Span 
n 
683 psi 902 pst 1212 psi 
547 psi 503. yeaa hho psi 
1230 psi 1405 psi 1658 
1318 psi LS igeaees 20l.0 
ej) eee 84.7 psi 738 
2373 pss 236. psi 2778 
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Design Calculation results (continued 


501 Spor go! Span | 1001 sran | 120" Span 


Girder 
Cat 1470 psi oo oe Ow pet 1392 psi 
et Th9 psi 1h30 vsti th32 psi 1088 
Sum 2219 ~~ psi 2422 pst 2752 psi 21,80 
Cap 1120 psi 958 psi T2osnrs? 1637 
Cob 567 pst 1375 psi} 1340 psi 1280 
Bun 1687 psi 2331 psi Bess 2917 


5. Hrestress Force and Eccentricity 
Gomposite Sectio 


Zone 6° ON 25,36 in oe Oman 36 in 





Girder 
Hel? in RUeGs (eee Pile On tm Pom etn 
Both 
Py 350,000 Lb Di OC Ot 677,000 1b 092,000 ib 
Use =~ 1: 7~ lin ¢ 12 — 1 in g 
Gi Jombined mesccee at the Center| of the Span 
Yomposite Sectio 
a) iio epsit 292 »= psi 605 | 
(2) 569 psi 898 psi 990 psi 1137 
iS ) 1282 psi 1477 psi 1258 psi 1225 
(.) G psi 12 psi 4 psi 0 | 
Parcder 
if ) 2 Pal 396 psi _ 432 psi 575 psi 
(2) 176 psi 1916 psi 1997 psi 1795 psi 
(3) (eo ed. 205 psi 1838 psi 
tH) V2 z29_psi ost 
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Design Calculation results 


60% Span j} 80! Span 


Bending up of |jcables at the dnd (Cable effect) 


Both 
2 Lin-80600 ip 
eer airc (600 1th 
u8825 lb, 
Bearing Plates 
1.46 in 
9x6 x 1% in 


0,885 in 


1.76 in 
tig 
omposite Section 
pa,900 1b 
22,830 1b 
422 1b 
~168625 1b 
35327 Ib 
4377 1b 
er Os 1 
89 psi 





Girder 


18800 1b 


10 x Yee Is 


281.60 Lb, 
1,69 i 
JenitO 


yer 


Te7Cnan 


6x 1b x 13/7) 6x1lyx13/4 in 


nd Shear and Principal tensil 


31, 700 Lb 
35900 
900 1b 
28460 Ib 


39110 1b 
5678 in? 


178 psi 
oe ase 


25100 1b 


61. 


continued} 


inllO x 164 


Aoceemnnnan 


190! Span 


5 1 in66200 |h-1 im-77,200 | 8,-1-in 82 600 





ee 


120! Span 


2+ 61-29, 700 | 
38820 ib 63,300 1b. 
13 femme Tro in 


0,867 in 
9x6x1in, |9x 6x1 in 19 x 136 x 7/8 1Ox164x13/ in 


Ae. (Ae boy 


x 13/h 10x163x13/lin 


in . 
Jeg Oo 


| leaifo ic 


1L0x163x 13/hin| 30 x 19x13/,in 


stress 


31906 
51500 
1350 

~ 38820 
45930 
8691 in? 
16 


> poe 


psi 


Sigee ap 


32000 1b 


77800 1b 
— 4500 
~63300 1b 
51000 
een 
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26400 lb 
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OQ! Span 
VD 10260 1b 18300 1b 30550 1b =|. 53500 Ib 
D 422 lb 900 Lb peep 4500 = 1b 
vil ~18825 lb “28160 1b ~38820 1b ~ 63300 lb 
Hes 10657 Lb 1581.0 1b 21380 1b SOO nha 
Q 1865 in? 2969 in3 4.823 in? 8380 ind 
v 76 psi 81 psi 87 psi 83 pst 
P, 6 psi 6 psi 7 psi 7 psi 


LO |Shear at the junction of the deck slab and the girder, 


. 2 = 
Q 3874 in?| 463k in? 6513 in? 7306 in? 
Vv 53 psi u8 psi 43 psi 19 psi 
Mn ex 8 x l2in a 2 neo x Laie ae 
per shear blocks r blocks! shear blocsk| oon blocks 
Poet (2.3 /8¢ a)12in 2-3/8 ¢ in) ate 3/88 a) 12 im 23/8 a) 12 
in Oe 
1? {Stresses at thel end of the ie 
Girder 
e 907 psi 1053 psi 980 psi 980 psi 
Composite Section 
fy oh psi 594 psi 266 psi 423 psi 
f 1130 psi Ti pet 1216 psi 119. psi 


i ifthe cracking Beer 


OF iG 3 | 1,58 | 471 1,81 
3 ULtimato Facto 
2 sol Us See 3,60 


- 





Design Calculation result (continued) 
60! span 80! Span 100! Span 120! Span 
Wi (End Blcok Stresses 
I~M ea>e7oein ib 556,270 in 1b |1,160,;513 ind 1,113,899 ite 
Vv 0 U . 0 0 


II- 15215h, in 1b |95,23} in 1b 557,888 in lb 421,784 in 1b 


THVj 50,718 in 1b |61,8h2 lb 126,784 lb 164,990 lb, 
c.. 512 psi 702 psi 695 psi 800 psi 
v 77.4 psi 758 psi mono psi 61,7 psi 
ae BeS psi Sin psi 111.0 psi 2 fates 

. tensian : ; 2 

Hn 2teo psi 5.6 psi 20,7 psi 62.5 psi 
iV O GC 0 0 

TI~ 140 psi (164.05 psi 268 psi 230.0 psi 
Pt Ih115 psi I~ 98 psi i = 152 psi Ph 154 psi 

... ta gbe ein og a~3/ing — éin 277/8inft-6in0¢ 27/Bing-6in OC 
WT 10,260 Lb Ge OO a Bie CeOws 54 ,0001b 


Lift) conter stirrup kL ing U-Bolt [14 in tBolt {1 7/8in U Bolt 


each cond each end each end 





eq. end block 


15 | Deflections atl Midspan 


Girder . . . 
o | -1,18 in ~2,29 in ~3,11 in ~l,23 in 
no dag da Bees a nae in | 3098 en 
Not| 1.42 in 2.79 in 3.96 in 5,15 
Load | . 
ah 0.63 er) Steeler iezal ale na etd 4 (2 
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Design calculations result continued) 


wa SO eSnpan A023 yan LOU. NAN ae nan 





Composite 
Arr} O42 in 0,69 in »; + Os78 in | 0.87 in 
ms; 0,66 in Te29 in 1.63 in Leff in 
me) 4121090 1 3800 ne 3 ( 13815 


ee 
16 jRatio of Depth] to Span Lengt 


Composite Section 


D/L fel? xe L220 1:20.44 1321,5 


Girder 
D/L 1:19.5 1222,3 nee D 2 1 :23.,2 
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Cemceonc Lusions 


After considerable experimentation with sections for the 
4O'’ span girder the authors decided on a cross section very 
Similar to the final one shown in Figure 5, The shape scemed 
logical and is easily explained by the necessity of balancing 
up the composite section so that it wouldn't be eo 
80, to speak, for balanced stresses, Shear or principal tensile 
stresses were large, but since other section trials failed 
for one or more of the condition equations this design approach 
used for the sixty and eighty foot span designs, The a. 
of the eighty foot syan girder by this method led to excessive 
bendirg stresses and impossible shear stresses, A trial of 
a symmetrical secsion surprizingly corrected the difficulties, 
On this discovery the authors reviewed the previous two 
designs (LO and 60 foot span bridges) and ran new trials under 
the impression their previous theory had been inaccurate. 
The new girder sections however were not workable, Utter 
wommieion reigned for a brief period until an overall survey 
oe adend and live load moment ratios was made for the various 
span lengths, As the result of the survey the trend was 
Clearly indicated, The ratio of live load moments (girder 
Ma to composite section Ma) clearly shows the transition from 
a large bottom Plang to a symmetrical section to a large 
top flange in order to arrive at a balanced stress condition 
which meet economically the criteria established, The moment 


ratios arc established from paragraph B~ 3 above and are as 
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follows 3 L.0 fuig span ~ ial 5 Olas 60 ft, span = lees 80 Pte 
epom—~ 123,103 100 1G. span—- 130,90: 120 ft span= 1: 0.72. 
The discovery of the live load ratio indicator confirmed 

the original theory and explained the trial results for the 
Gighty foot span bridge, Additional revision to the girder 
fee@erons for the forty and sixty foot bridges led to improved 
aaeer conditions in both beams and the cross-sections for the 
100 foot and 120 foot span bridges were obtained after several 


werals,. 


An interesting point was brought to light concerning 
prestressed girder bridges designed with the deck slab 
Semeita@ercd as not contributing to the cross-section properties, 
Some bonding is certain to occur between the girder and the 
deck slab, When such bonding occurs the center of gravity of 
the section will shift upward to some unknown point and the 
stress conditions due to the ehanged eccentricity of the cable 
will be materially altered, lt was noted in the authors 
designs that the position of the center of gravity of the 
cross-section was very important, and it movcs upward during 
the curing of the slab to its new position in the composite 
section, A variation of the eccentricity by a Pow inmenes Cou.d 


place the extreme fibers of the girder in tension, 
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VI FOUNDATIONS AND PIERS 


Hach of the precast, prestressed girder bridges have 
been designed as standard modular units to be constructed at 
any advanced base and not for any particular site or foundation 
conditions, The end abutments and the intermediate piers will 
require ssvarate design that will be dependent upon the 
foundation conditions encountered at the bridge site, It is 
envisioned that the end abutments would be of the type 
employed for ordinary concrete deck girder bridges with breast 
wall, wingwalls and footings, all of reinforced concrete com 
struction, It is planned that the intermediate piers would 
be simple pile bents with concrete cap or bridge seat for 


simplicity and to reduce the construction time to a mimimum, 


The Bieowse, prestressed method of construction will 
require a slightly wider bridge seat or bent cap than the 
normal construction in order to permit pouring of a protective 
concrete cover over the prestress stoel end fittings and in 
order to provide proper distribution of stresses within the 
end block, This requirement is shown in Figures 2, 5, 7, 9; 
11, and 13, The protective concrete cover may be poured 


simultancously with the bridge deck slab and and diaphrams, 


One advantage of the prestressed design is that the 
girder section is approximately one half that required for 
ordinary concrete design, This results is a smaller dead 


load for the bridge structure and, therefore, will permit a 
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saving in foundation and pier costs, The prestressed girders 
are also more Shallow than the ordinary concrete girders 
thereby providing greater clearance or requiring less 


Soructure height, 
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VII BRIDGE DECK DESIGN 


The roadway width, overall width of the bridge and 

Meee Slab wore standardized for all the bridges of the scries 
to facilitato development of package units or somponents for 
the advanced base construction, The standard bridge eta: 
curb, and guard rail are shown in Figure 4, The clear road 
way Width of twenty~six fect was selected for the two lane 
bridge resulting in an overall bridge width of thirty-two 
feet i lhe dimensions and clearances mect the requirements of 


the A.A.S.H.§. Specifications, 


The roadway Slab or deck, which has beon assummed to 
act as the top flange of the composite girder in the manner 
of Tee beam design fer ordinary reinforced concrete, has 
been designed for ccnercte with an ultimate compressive strength 
of 3750 psi, The design was accomplished in accordance with 
Paragraph 3.3.2 of tho KeAoSoH,9oStandard Specifications for 
the H20~ S16 — ij. loading, The floor slab was assumed to 
act as a continuous trarererse structure, A summary of the 
deck slab design is furnished as follows 3 

Clear Span; h ft. 0 inches 

Distribution GL Wheod. Loads : 

B= 58 + 2,5 = Ho9 fect 

Maximum Positive and Negative moments 


M= + ,eP5 = 31,400 inch pounds 
i 





a 


IMpact Load : 

T= Wx Bi iL00l= 12,500 inch pounds 
Dead Load Moment 3 

Mp = .8 (1/8 w 1°) = 1,680 inch pounds 
Total Design Moments: 

M, = 45,580 inch pounds, 
Required Depth of Slab: 


Depth to reinforcing steel 


oll 


4.75 inches 


Cover = 1,25 inches 
Wearing Surface = 1,00 inches 


Total = 7,00 inches 

Reinforcing Steels; 

Ag = 0,54 square inches per foot of slab, 
Use 5/8 inch round bars at 6 inches center to 
centcr ag positive stcel, 

Use 5/8 inch round bars at 12 inches center to center 
as the top slab reinforcement and bond up every other bottom 
steel bar at the supports to provide 5/8 inch round bars at Q 
imemes center to centor negative stocl, The bent up bars 
resist the slab shear adjaagsrzto the supporting longitudinal 
girders, '-r longitudinal temperature stcel use 3/8 inch round 


bars at 12, inches ccnter to conter both top and bottom, 


The bridge guard rail was not designed in detail since 
standard designs are readily available; and, further, the 


design proceedure is well known to practising engineers, 
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Vill CONTINUOUS PRESTRESSED BRIDGES 


The primary objective of this thesis is te develop a 
series of precast, prestressed girder bridges that are 
economical to build and which mect the many special requirements 
for modular advanced base construction, This plan envisions 
standard reusable forms, and packaged units or components of 
the necessary prestress steel, ordinary reinforcing steel and 
cement, The girders and cross- sections of the deck girder 
bridges have bcen designed with these objectives as the 
principal requirements, It was also desired to utlize the 
same standard girders for continuous prestressed bridge 


structurcs, 


The theorctical approach employed by the authors in 
investigating the application of the standard girders to 
continuous prestressed bridges is that presented by MRP A. Le 
Parmo and G, H, Paris of the Portland Cement Association in 
their paper entitled, "Analysis of Continuous Prestressed 


Concrete Pomieture ani” 


There is a basic difference between simply supported 
prestressed members and continuous prestressed members, AS 
shown in Part II of this thesis, the moment induced in a 


gimply supported member by the prestress force is directly 


m oad -_? aad ong oe ep =, = = _ _ oe] 


8 Procecdings of the First U. S. Conference on Prestressed 
Concrete, August 1951, Massachusetts Institute of 
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proportional to the cecentricity of the cables with respect 
to the centroidal axis of the member, This is not gencrally 


tme for the continuous prestressed member since the tension 
in the cables creates elastic deformations in the momber 
which are resisted by the restraint at the supports,,The 
support restraint thereby induces moments in the member which 
must be superimposed on the mements procuced by the ececenuric 


peeooressed force, 


The moment produced by the prestress force may be 
determined by considering the entire member as a free body, 
Hagure 16 (a), The curved parabolic cablo oxerts a 
horizontal force P and a vertical force P tan @ at both 
omese Or the member, The vertical morece can ber neglected since 
it is applicd over the support, The curved cable also 
exerts a uniform normal force on the conercte which is cqual 
to the prestress forco, P, divided by the radius of curvature 
of the cable, For equilibrium of the free body the sum of the 
meeercaol forces equals zero or? 

Wo aL=- P tan g 
where a is a cocfficient indicating a ratio of the Jeonguing 


The slope of the parabola is equal to 2 b a4 therefore at 
(a L) 


Epos X= 2 by 


w =-=-— 2Pb 


aN 
and when a = $ and b= C 
Wp = i 
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The prestress moment then at any section, x, for cquilibriun 


Mp = P(c # g) + wp L lo ey 
8 L 


and substituting wp, 
Mo = P eo. tea ? ex a 


Thus the prestressed member may be analyzed by cxpressing or 
representing the elfect Of “sae presmreds force byecquivalcnt 
external loads, The problem is reduced to determing moments 
preoducea by uniform loads on portions of the structure, The 
final moments can be readily calculated by the method of 
moment distribution, since tables for fixed and moments due to 


partial uniform loads are available, 


The above dcrivation applicé to continuous curved cables 
and it is oftentimes desircable to cmploy discontinuous cables 
adjacers to the supports to cffectively resist the negative 
Momemo, ine use of discontinuous cables permits precasting 
of the girders fom tie Individuaiaspams Oleunc (tour continuous 
structure, Tho girders are precast as simply supported pre= 
stressed beams, and after being placed are prestressed to 
resist the negative moment by means of short cables curved over 
Lhe Supports, This is considered to be the more economical 
method of construction, climinating the necd for extensive 


cantoring, shoring or cribbing to support the forms, 


The analysis of the prestressed member with discon 


tinuous curved cables is similar to that previously described 
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for members with continuous curved cables, The forces con 
Sidered acting on a member with a curved cable at one end 


aro shown in Figure 16 (b)., The end moments induced by 


Py and Es are $ 8 


EF 
MBA =-a* ee a= a2 fe Eee 


12 


oe th. 2 | 
MAB = ~a" (4 = 3a) wy LF 4 2 (L—- a) LP, 


Le 
The end moments caused by the horizontal force, Ee eae): 
S 

BA L | L | 

MBA =— P, o (1~ 3a) (1= a) 

2 | 

MAB = Pry eee on cy 
Serco ¢ 

w= 2 Pe 


Ae moo. - tee 


(aL)e 


Pa P approximately 


Py = 2Pa 
aL 





0, + Ox = OC 


' By addition and substitution; 


iE 
MAB = Foz af/1l+t ey Cb | 
~ ae moons | +t [, a- 2 
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When tho curved cables are symmetrical about the centerline 


of the member the equation for computing the fixcd end moment 


7h 


re 


“| 


th 


“* 


~ 





resulting from discontinuous curved cables is: 


P Pr - ) | 
MAB = MBA = rel * ee (a ~ uel. 
me 3 ae Ghee) 


Tho final moments in the structure can be computed by moment 
distribution after the fixed end moments are obtained, The 
moment at any soction along the member due to the prestress 
forces may bo obtained by combining the final cnd moment 
algebraicly with the moment or moments produced by the 


Pmeeercoss force or forces at the particular scction, 


The approach or procedure of the design is merely an 
extension of that presented in Parts II and III of this 
paper, with cortain additional condition equations and points 
to be investigated, First, the maximum positive and negative 
moments at tho supports and at tho midspan points are doter~ 
mined by moment distribution for the livo load plus impact 
and the added load of the superstructure above the girders, 
Sond s, Ehemeledcr SOeculon is proportioned and the prestress 
forces dctermincd as outline in Pert IT, Tho effect of the 
prestross force or forces upon the final moments is then 
computed and the girder is redesigned accordingly, Certain 
additional conditions must then then be investigated for the 


continuous structure, 


The additional conditions which become important for a 
continuous lincar prestressed membcr are temperature effect, 


settlement of supports, and the section of the member where 


ie 





> 
c 


o 


7 
= 
, 


2 


the moments duc to the prestress forces cancel cach other or 
are equal to zcoro, For members with continuous curved cables 
or combinations of discontinuous cables there occurs one or 

two sections at which the moment due to the prestress force 

gs z2c0ro, This if true because the occentricity is zero.or 
becauso the scYeral cables acting through several eccontricities 
cancel out any prestress bending moments induced by the other 
Cables, This particular point of the member should coincide 
with the point of infloction or zero moment point of the com 
bined dead and live load moment turve or curves, The member 
cross-scction at the zero moment point may then be proportioncd 
or checked to resist only the bending moment rosulting from 


the prestress force or forces and shear at the section, 


The continuous prestressed member must be investigated 
vory earcfully for the end shear and resulting principal 
tensile stress, The axial compressive stress exists as for 
the simply supported beam, but the prestress cables do not 
have the same offect in reducing the cond shear due to dead 
and live loads, slong the length of the continuous eee: 
the cable is curved parabolically upward to rosist the 
positive Serie, a negative shear force cxists that opposes 
the positive livo and dead load shear as for the simply 
supported momber, However, along the length of tho continuous 


beam where the cable is curved downward to resist tho negative 


moment, the cable effect adds to the positive shear 
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produccd by dead and live loads, 


fA practical design condideration presented by Professor 
G, Magnel a concerns the limitation on the numbor of spans 
of a continuous prestressed structure with continuous curved 
cables, Frictional resistance developed between tho cablos 
and the concrete at the timo of post-tensioning causes a loss 
@emoome COnSion in the cabics,, As the result of oxperimonta, 
Professor Magncl rocommends that not more than three spans be 
used, and ho recommends that the cables bo initially overpre~ 
stressed by approximatcly 5% and then reduced to the propor 


temcton bororc sealing the cablc onds, 


If the deck slab is assumed to act as an integral part 
Of the composito continuous girders, then a second sot of 
design’. conditions must be satisfied in a manner Similar To 
that described in Part II, The deck slab will matcrially 
assist in resisting positive bending moments,at the midspan 
papeion, but will not matcrialiy increase the ability of the 
concrete girdcr soction at the supports to resist negative 
bending moments, Theo integral or contiguous action of the 
cock slab acting as a portion of the composite girder therefore 
coe loss effective for a continuous membor than for a simply 


supported member, 


=e rm, cad o> yg eee, mn" ce) ee Reed ms <a =—~ 


9. Prestressed Concrete, by Gutave Magnel, Second Edition, 


1950, Concrete Publications Limited, London 
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Preliminary investigations were made concerning the application 
or adaptation of the standard modular girders deseribed in 
Parts IV and V to continuous girder bridges, Detailed in 
vestigations for all typos of construction procedure and span 
longth combinations for :ontinuous structures could not be 
accomplished in the time available for preparation of this 
meests, It is considercd that the complicte design of a single 
continuous girder bridge is such a lengthy process of trial 

and crror calculations combined with judgement and experience 


that it might well be the subject of a completo thesis, 


The preliminary investigation of the application of the 
standard girders to continuous bridge construction at advanced 
bases revealcd a number of practical and theoretical reasons 
why the standard girders are not suitable for this adaptation 
as follows >: 

1. In order to take full advantage of continuity, 

the girders should be designed to carry the 
addcd load of construction of the slab and 
superstructure as well as the livo load, 
Using the precast mothod of construction the 
girders should bo proportioned approximately 
symmetrical about the centroidal axis to 
effectively rosist the positive and negative 
moments imposed, The standard girdors 
presented in Parts IV and V are unsymmetrical 


in crogsescction since they were designed 
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for maximum cconomy under a particular com 
bination of positive bending Bienes. and 
therefore the standard girders do not 
readily lend themselves to adaptation to 
continuous structures, Tho feature of 
Supporting the deck slab by the girders 
While pouring concrete becomes very 
important and critical for spans over 
eighty foot in Teneeh since this com 
struction load moment actually excecds 


the live load moment, 


The most important reason for not adapting 
the precast modular prestressod girders 
for continuous structures by the use of 
discontinuous curved cables at the 
supports is the additional time required 
for construction, The precast method is 
of veluc only if the girders carry tne 
construction and dead load of the slab 
and superstructure; since if the forms 
are supported separately for the slab, 
the girders might just as well be poured 
simultaneously with the slab, requiring 
only a small additional quantity of 
cribbing and centering, Using precast 


girders and short discontinuous cables 
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Le 


over the supports, it is necessary to pour 
a scction of concrete girder joining the 
precast girder Gnd a prior sven pre choc acme: 
the cables, The prestressing opcration 
should not be undertaken until the concrete 
reaches its ultimate design strength, 
approximately 30 days, Thus, adaptation 
Tor conuinugty wenlderesimic in a project 
completion date delay of 30 days over the 
mcthod omploying simply supported members, 
Such a period of delay is not considered 
permissibic for emergency advanced base 


construction, 


The standard girders were designed with 
mimimum web thickness for maximum cconomy, 
There is not sufficient space or clearanee 
in the web for installation of slceves or 
pipes for the discontinuous curved cables 
that arc required to resist the negative 
moments at the supports, In order to 
accommodato these additional cables it 
would be neccessary to considerably alter 
the standard stcel forms to provide a 
thickor web for the length of beams 


adjacent to the supports, 
The problem of interfcrenceo of the short 
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discontinuous cables and the cnd bearing 
plates of the full length cabics must be 
solved, This results in additional steps 
in the design procedures; adjustment of 
eccentricities to prevent coincidcntal 
axes; and allowance of space for cn¢ 


fittings, 


The short discontinuous cables also require 
bearing plates and end fittings where they 
emcrge Trom the bottom fibem of the ginger, 
The girder would have to be strengthened 
at this section to better distribute the 


eemcentratod vortical andehorizontbal loads 


O) 


in a manner similar to the cnd block con- 
struction, This intermediate stifincr 

biiock would neccssitate extensive alterations 
co the standard stoci forms for the modular 


girders. 


For economy of construction, tne choice of a 
common cross-section is indicated for the 
full, length of the continuous ginger, Such 
& procedure then would suggcst investigation 
of various span lengths to obtain nearly 
equal maximum positive and negative moments, 
providing foundation conditions and the 


ceonomical span length considcrations would 
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To 


permit suen a variation of span lengths, 


A further comparison that should be made for 
span lengths of cighty to one hundred and twenty 
fect is the true cconomy of precast method 
of obtaining continuity compared to the 
Simple spans, The continuity generally 
will result in a somewhat smaller cross~ 
section of the girder, but involvos the 
additional expense of the short discon 
eliuous cables and of the pouring the corm 
ome rc section necessary to join tne simple 
girder ends. A majority of the saying .in 
section for ar £ shaped girder will be in 
reduced deptn or the web, For a thin web 
Memoo. this docs not resulumi neue saving 


of a very great quantity of conerete, 


A ie 2 is the opinion of the authors that it 
would not be economical or practicable to adapt the standard 
modular prestressed girders to the construction of continuous 
structures at advenced bases for the reasons previously 
enumerated, Tt ix considered that it would be necessary to 
design girders for a particular continuous bridge structure 
having defined span lengths, ineluding approach spans, From 
the preliminary investigations undertaken, it was revealed that 


the design of a xomplcte and detvalledi continuous proestrossed 
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bridge structure womld be a project of considerable 

magnitude, cxcecding the time available for preparation of 
this thesis, These initial investigations did reveal that 

the design of continuous bridges with span lengths greater 
than 120 fect should result in greater economy of construction, 
Due to the additional web width required to contain the 
continuously curved or discontinuous curved cables for longor 
Spans and because of the rosulting greater weight of the 
precast beams, the authors are of the opinion that a cast-in 
place box section girder would be more suitable and economical 
Pemmapam longths in coxcess of 120 feet, Further, the top 
flange of the box section may be considered to act as the 
bridge deck slab and be designed accordingly. Such a section 
would be designed to utilize continuity over intermediate 


supports, 
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IX CONSTRUCTION PROCEDURES 


The construction procedures for the prestressed precast 
modular girder bridges have been partially determined by the 
design criteria presented in Section II of this paper. The 
construction of the bridges at advanced bases further limits 


the construction methods that may be employed. 


The structures have been so designed that the construc- 
tion equipment normally available to construction forces at 
the advanced base will be adequate to accomplish the bridge 
projects. The concrete ag; regate crushers, rolls and 
screens utilized for other advanced base concrete projects 
eae capable of producing the control necessary for the high 
strength concrete. The Table of Allowance" or "Table of 
Equipment" concrete weigh-batch units and mixers will also 
permit adequate control of the mix to produce the required 
5,000 psi concrete for the precast girders. Concrete 


vibrators are normally available to the construction forces, 


t is mvisioned that the standard steel forms for the 
girders, other form material, prestress steel cables, re- 
inforcing steel and cement will be prepared in standardized 
packages or components for each span length that has been 
designed. For larger bridges multiples of the standard span 
packages may be planned and ordered in advance of embarkation 


of the construction forces. 


The basic concept of the designs presented has been the 


precast method of construction of the prestressed girders. 
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The advantages to be derived from the use of the standardized 
precast members in bridge construction are summarized as 
follows: 
lL. Savings in forms, falsework, and placing of 
concrete. 
2. Elimination of a large amount of on-the-job 
labor. 
Os speed of construction, 
4. Closer control of the concrete mix, placing, 
and curing, obtained through a mass production 
factory type operation and resulting in a 
bevver structure. 
Os recasting of the’ girders Cem be accomplished 
while the foundations, piers and abutments are 


being constructed. 


Of course, particular care must be taken in placing the 
concrete in the steel forms for the thin section I and Tee 


members. 


Temperature steel and end block stirrups could be 
packaged already bent and ready for placing. Accurate 
bending is desireable since the temperature stirrups have 
been designed as hairpins to align the cables perfectly 
and quickly and furnish tie supports. The standard steel 
forms mentioned above would be prepared with guides and 


indicators for the steel to reduce the skill involved in 


the steel placing operatione 
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It is planned that high early strength concrete would 
be used, permitting removal of the forms within four days 
after pouring. It is envisioned that a sufficient number 
of the standard steel forms, shown in Figure 2, would be 
available to permit pouring of several of the girders at one 
time. A group of several girders could then be poured every 
four days by re-use of the standard forms, thus obtaining a 
true production line method of construction. If greater 
speed of construction is desired, steam boxes may be employed 
to provide the optimum curing temperature of 135° F and by 
this method the forms could be re-used every second day. The 
standard steel forms are designed with bottom hinged, shaped 
and stiffened side members. The hinged sides are connected 
to cross angles that extend under the bottom plywood part 
of the forms, permitting removal of the steel side sections 
without disturbing the concrete girder, Diagonal steel braces 
with adjusting turnbuckles provide the required rigidity for 
the steel sides and permit adjustment to true position and 


alignment. 


Prestressing of the cables may be accomplished as soon 
as the concrete reaches its design ultimate compressive 
strength, When high early strength cement is used, the 
cables may be prestressed after some twenty days curing time. 
If steam curing is employed, the cables may be prestressed 
within three or four days after pouring. The use of the 
"Roebling Type" standard cables greatly reduces the time 


required for the prestressing operation, 


—_— 
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The precast modular girders are provided with Din 
U bolts or special stirrups at each end block for handling 
of the members. The girders arc designed for a two point 
lift. The girders for the 40, 60, and 80 foot spans are 
light enough in weight to be lifted by a single crawler 
crane employing a spreader beam for the two point pick. The 
girders for the 100 foot span bridge require two fifteen ton 
capacity cranes for handling, each crane lifting one end of 
the girder. The girders for the 120 foot span bridge neces- 
Sitate the use of two twenty-five ton capacity cranes for 
lifting and placing. Cranes of fifteen and twenty-five ton 
capacity are normally available at the advanced base as this 
capacity crane is often required for other types of con- 


struction projects. 


After the precast girders have been placed on the piers 
or abutments, the precast diaphrams or spreaders are placed 
maee pPOSition. These precast diaphrams are grouted at the 
ends to assure a firm bearing and then stranded cables are 
installed to prestress the structure transversely. This 
prestressing operation assures proper placement and combined 
action of the girders and diaphrams. The diaphrams were 
designed with temperature steel only, depending upon the 
transverse prestroessing to 25% of the ultimate strength of 


the concrete to prevent tension cracks in the concrete, 


As provided in the design criteria, the prestressed 


girders are designed to support the dead load of the deck 
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slab, forms, and a construction load, A typical arrangement 
of the forms supporting the floor slab concrete is shown in 
Figures 2 and 4. The forms are designed so that standard 
plywood sections are supported by wales and braces attached 

to the bridge girders. These plywood panels and timber 
supporting members may be reused as the construction progresses 
along the length of the bridge. The curb section may be 
poured at the same time as the floor slab. The guard rail may 
wemprecast totally or in sections, deponding upon the Length 
of the bridge, and secured to the curb section, This method 
of construction permits use of the bridge as soon as the deck 


slab has been cured. 


The construction procedures and methods outlined above 
are considered to permit construction of the bridge in the 
minimum length of time and to result in more economical 


construction as compared to other methods. 
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X SUMMARY AND CONCLUSIONS 


The design of a series of precast prestressed concrete 
bridges for advanced base construction has been presented in 
this thesis, Deck girder type concrete bridges composed of 
mudular prestressed girders of 40, 60, 80, 100 and 120 foot 
spans have been conceived, in so far as possible, to reduce 
the materials and construction time to a minimum, consistent 
with good design practice. The designs have been slanted 


toward mass production precast mcthods of construction. 


The modular girders have been proportioned in section 
to obtain an efficient use of the concrete and the high 
strength stecl for prestressing, in accordance with the 
varying dead load to live load ratios for the different span 
lengths and for the several construction phases. The method 
of approach is based on the assumption that the bridge deck 
Slab acts as a contiguous or integral portion of the pre- 
strossed Tee shaped girders to resist the live load plus 


impact for the H 20 - S$ 16 - 44 loading conditions, 


Although the designs have been adapted for Naval advanced 
base construction, they are considered Go be equally eppli- 
cable to state or local projects. The advanced base 
requirements result in greater construction speed and greater 
economy of materials and labor, and such attributes are 
desired for any construction project. While the modular 


prestressed girders have been designed for bridge construction, 
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1t is believed that they are adaptable, with only slight 
modification, to pier and wharf construction. The use of 
such girders for pier and wharf construction furnishes the 
added advantage of long life due to the protection against 
corrosion by salt water afforded by the compressed concrete 


due to the prestressing. 


The construction method of precasting the prestressed 
modular girders for the bridges results in numerous advantages 


as follows: 


1. Savings in forms, falsework, and placing of 
the concrete. 

2. Permits re-use of standardized forms for the 
Birders. 

Se Elimination of a large amount of on-the-job 
labor. 

4, Speed of construction, 

5. The girders can be completed and ready for 
placing by the time the piers, abutments and 
foundations are finished. 

6. Eliminates the requirement for falsework, 


centcring and cribbing for the deck slab forms. 


The prestressed deck girder bridges have been so designed 
as to permit construction with advanced base equipment nor- 
mally available to construction forces as "Table of Allowance 


Equipment." The bridges have been so planned that package 
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units or components can oasily be prepared for a single span 
length, and a particular bridge would be composed of multiples 
of the standard component. Each component would contain the 
necessary standard forms, prestress steel, reinforcing steel 
and cement for a single span length, depending upon the 
feasibility of development of the local resources for concrete 
aggregate. Specially trained crews would complete the con- 


meruction in a minimum of time, 


The girders and the composite girders for the deck 
girder bridges are considered to possess all the attributes 
normally attained in prestressed concrete construction, 
These advantages are summarized as follows: 

1. Prestressing makes concrete crackless which 
results in greater durability under severe 
condi onseol “Exposure. 

2. Prestressing makes it possible to use 
efficiently higher strength and higher 
quality concrete. . 

3. Prestressing makes possible the most efficient 
distribution of material for the member 
cross-section, such as I, Tee, and box-sections. 

4. Prestressing minimizes deflections and reduces 
the cepths of beams, girders and slabs, thus 
affording greater under clearance. 

5. Prestressing results in maximum rigidity 


under design loads and maximum flexibility 
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under excessive overloads to give ample 
warning of impending failure, 

5. The lighter weight structures have the 
attendant advantage of smaller and more 


economical foundations. 


One of the most important conclusions derived from the 
design of this series of bridges concerns the shape and 
cross-section of the individual modular girders. A basic 
requirement is that the cross sectional area and section 
modulus be held to a minimum for greater economy. The 
resulting I sections are slender, well formed, and pro- 
portioned to the requirements of construction load moments 
and the live load moments. For the forty and sixty foot span 
girders the dead load moment of the superstructure and con- 
struction load moment are less than the live load moment, 
resulting in a girder with a larger bottom flange and a 
composite girder of Tee section. For the 120 foot span 
girder the dead load moment of the superstructure and con- 
struction load moment together exceed the live load moment. 
The girder and composite girder are both Tee shaped in 
section to obtain maximum economy of materials. There is a 
gradual transition for the girder section from inverted Tee 
Heeetne forty foot span, to an I sections and tinaily to a 
Tee section for the 120 foot span girder. Economy of mate- 
rials is re-emphasized by the use of the high strength 


5000 psi concrete only for the basic girder. The deck slab, 
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which forms part of the top flange of the composite girder, 
is constructed of concrete having an ultimate compressive 
strength of 3,750 psi. For comparison, assume that the 
conerete prestressed girders are to be replaced with rolled 
structural steel shapes. It would require a 2% ton rolled 
steel section to replace the 5 ton prestressed girder for 

the forty foot span and nearly an 8 ton stecl beam to replace 
the 13 ton concrete girder for the sixty foot bridge. 

Stated differently, concrete is serving with approximately 
half the weight strength in flexure of the rolled stcel 


shapes. 


Another comparison as to economy of materials can be 
made to ordinary reinforced concrete. The prestressed 
girder rosults in the saving of approximately 50% of the 
conerete and 70% of the steel required for an ordinary re- 
mmorced Tee beam for a deck girder bridge of the "Same™span 
length. However, this is not considered to be a fair com- 
parison, since the economical range of span lengths for an 
ordinary reinforced concrete deck girder bridge is gcnerally 
agreed to be from 20 to 65 neces while the economical renge 
of span lengths for simple span prestressed girder bridges 


is considered by the authors to be 60 to 140 feet. Thus, 
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10 "Design of Concrete Structures," by L.C. Urquhart and 
C. BE. O'Rourke, Fourth Edition 1940, McGraw-Hill Co, 
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the prestressed girder bridge complements the ordinary re- 
inforced concrete bridges, but does not necessarily replace 


them in the construction field. 


Selection of the bridge span lengths is an economic 
problem determined largely by the particular site conditions. 
However, it is apparent that for the prestressed modular 
bridges proposed by the authors the economic advantage favors 
the longer spans, providing cranes of the roquired capacity 
are available to handle the heavier girders. Two 25 tons 
capacity cranes, largest of the standard advanced base 
member cranes, are capable of handling the largest girder 
of the series. For example, a single 120 foot span bridge 
would need no intermediate piers and would only require the 
placing of six girders weighing 54 tons each, Whereas, a 
120 foot bridge composed of three forty foot spans would 
necessitate the placing of 18 girders weighing 5 a. each. 
The additional concrete required for the single pare cere 

SE 7 113 
totals only +*% or approximately +8 cubic yards of high 
strength concrete, It is believed the two intermediate piers 
would cost considerably more than the 19 cubic yards of con- 
crete for the 120 foot span bridge. There are too many 
variable factors to draw any exacting conclusions from this 
data, but from the economy of materials viewpoint, it would 


seem that the longer span bridge would easily be justified. 


Even for prestressed concrete there is a definite 


economic limit to span length, since with increasing span 
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lengths the ratio of dead load to total load moment increases 
rather rapidly. The authors are of the opinion that the 
range of economical span length for the precast prestressed 


girder bridges is approximately 60 feet to 140 feet. 


The next logical step for longer spans is the design 
of continuous prestressed structures. Investigations 
revealed that the series of modular girders did not lend 
themselves to adaptation for continuous structures for 
theorctical, economical and practical reasons or considera- 
tions, It is considered that design for continuity in pre- 
stressed girder bridges would be practical and economical 
for span lengths of 150 feet and greater, Based on the 
feperience gained in the design of this Series of bridges, 
Ho is believed that a box-section girder would have desir- 
able characteristics for the longer span continuous bridges, 
ema the top flange could be designed as the structural deck 


of the bridge. 


Very few continuous prestressed concrete bridges have 
been designed or constructed. This is a field or area that 
is believed to be of considerable importance to the con- 
struction industry and further investigations, designs and 


theses on this subject are recommended. 


A further conclusion of importance concerns the design 
approach or theory. The assumption that the deck slab acts 


as an integral part of the composite beam or girder is 
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believed to be theoretically and practically correct. For 
this series of modular prestressed girders special provisions 
have been made to develop the necessary shearing strength 

at the junction of the deck slab and the simple modular 
girder. Even when no special provisions are made, some 
bond develops between the girder concrete and deck concrete 
and thereby a shearing resistance is introduced. This has 
the cffect of changing the location of the centroidal axis 
@t the girder and changing the eccentricity of the prestress 
cables, wnich may result in excessive tensile stress in the 
Beomcroeto if not properly considered in the design calcula- 
tions. For example, the change in the center of gravity 
feom the modular girder section to the composite girder 
fPeerlon, after the deck concrete has cured and for the 
application of live loads, is a total of some 11.4 inches 
for the 40 foot span bridge with an equal change in eccen- 
eeicity of “thc prestress cables. This change in centroidal 


axis is almost the same for all the girders of this scries. 


In final summary, the conclusions developed from this 


design thesis are listed in a more concise form: 


Lt. The design criteria andvspocii tert onssior 
the advanced base construction of the modular 
girder bridges have been satisficd with 
attendant cconomy of construction, 

2, The numerous advantages of the precasting 


method of construction result in a better 
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and more, economical structure. 

The bridges as designed are capable of 
being constructed with the construction 
equipment normally available to con- 
struction forces at advanced bases. 

The bridges are designed so that 

standard packages or components, con- 
Sisting of the necessary standardized 
steel forms, prestress stool, reinforcing 
stecl, cement and timber form material 
may be prepared in single span multiples 
mail order fashion and shipped prior to 
embarkation of the construction troops. 
The prestresscd modular girders and 
composite girders are consi@ere@ to 
possess all of the advantages normally 
attributed to prestressed concrete 
ComacRruct1 on. 

The cross-section and shape of the modular 
girders and composite girders have been 
proportioned in accordance with requirements 
of the ratios of dead load to live load 
moments to achicve maximum economy of 
materials. 

The range of economical span lengths for 


the simply supported prestressed girder 
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bridges as designed is considered to be 

60 to 140 feet. 

The longer spans of 80 through 120 feet 

in length are considered to be generally 
more economical, providing site conditions 
do not otherwise govern. 

The precast modular girders for the span 
lengths of 40 through 120 feet are not 
considered to lend themsclves to adaptation 
for continuous structures for theoretical, 
economical and practical reasons. 

Further investigation, study and design of 
continuous girder bridges having span lengths 
ereater than 150 foct is recommended. 

The design assumption that the deck slab of 
the bridge acts as an integral or contiguous 
part of the composite Tee shaped girder is 
believed to be theoretically and practically 


corrects. 
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